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R determ ned deficiencies in P s Federal incone
tax for 1994 and 1995. Pursuant to a negoti ated
agreenent, P was allowed research credits under sec.
41, 1. R C, for 1994 and 1995. |In an anmended petition
P now seeks additional research credits for 106
projects conducted at its manufacturing plants. To
resolve this action expeditiously, P and R agreed to
try five of the largest projects underlying P's
research credit claim

Held: Two of the five projects constitute
qualified research under sec. 41(d), |I.R C

Hel d, further, P has established that it included
all activities that were simlar to the two qualified
research projects in its calculation of its base anount
under sec. 41(c)(4), |I.RC

Hel d, further, P has established that it incurred
$1, 045 of additional qualified research expenditures
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(QREs) for wages paid to specific plant enpl oyees for
qualified services performed during the two qualified
research projects. The renai ning expenditures for
which P clainms additional research credits are not QREs
because they were incurred in the production of goods
for sale, not in the conduct of qualified research

Hel d, further, P inproperly included production
costs in its base anbunt. However, because P's error
caused P to overestimate its base anmount, we find P's
error to be harml ess and accept P's calculation of its
addi tional base period QREs with several adjustnents.
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MEMORANDUM FI NDI NGS OF FACT AND CPI NI ON

GCEKE, Judge: Respondent determ ned deficiencies in
petitioner’s Federal incone tax of $20, 481,520 and $140, 732, 254

for 1994 and 1995, respectively. 1In its petition, as anended,
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petitioner alleges that it is entitled to additional research
credits under section 41! of approxi mately $3, 656,091 and
$4,726,664 for 1994 and 1995, respectively (clained credits).?
The clained credits are based on 106 projects it conducted in
various units within six manufacturing plants during 1994 and
1995 (credit years). For purposes of resolving this action
expeditiously, the parties have agreed to try five of the | argest
proj ects® underlying petitioner’s affirmative research credit
clainms (claimprojects).*

The issue before the Court is whether petitioner is entitled
to additional research credits under section 41 for 1994 or

1995.° Resolution of this issue requires us to deternmine: (1)

Unl ess otherwi se indicated, all section references are to
the Internal Revenue Code in effect for the years at issue, and
all Rule references are to the Tax Court Rules of Practice and
Pr ocedure.

2ln its original petition, petitioner clained as affirmative
adj ust ments additional research credits of $4,808,671 and
$5, 851, 619 for 1994 and 1995, respectively.

After amending its petition, petitioner has conceded that an
addi tional project does not satisfy the requirenents of sec.
41(d). This concession does not affect our discussion of
petitioner’s clains and will be addressed in the parties’ Rule
155 conput ati ons.

3The term “projects” is used for convenience.
“Petitioner withdrew a sixth project before trial.
SAll other issues in this case were resolved by agreenent of

the parties or our previous OQpinion in Union Carbide Foreign
Sales Corp. v. Comm ssioner, 115 T.C. 423 (2000).
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Wet her any of the claimprojects constitute qualified research
under section 41(d); (2) whether any of the claimprojects
constitute qualified research, whether petitioner included al
activities that were simlar to the claimprojects inits
calculation of its base anount under section 41(c)(4); (3) if any
of the claimprojects constitute qualified research under section
41(d), whether the clained costs of supplies and wages
attributable to those projects (clainmed costs) are qualified
research expenditures under section 41(b) (QREs); and (4) if any
of the clained costs are QREs, whether petitioner included al
simlar costs in its base anount cal cul ati on.
FI NDI NGS OF FACT
Overvi ew

Sone of the facts have been stipulated and are so found.
The stipulated facts and the acconpanyi ng exhibits are
i ncorporated herein by this reference.

A. Petiti oner

Uni on Carbide Corp. (UCC) was the parent corporation of a
group of corporations (collectively, petitioner) that filed
consol i dated Federal incone tax returns for the years endi ng
Decenber 31, 1994 and 1995. UCC is a corporation organi zed and
exi sting under the laws of the State of New York. At the tine
the petition was filed, UCC nmaintained its principal corporate

of fice in Danbury, Connecticut.
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At all relevant tinmes petitioner was a worl dw de
manuf acturer and marketer of basic chem cals and plastics and
specialty and internediate chem cals. Petitioner conducted its
operations at |arge-scale production facilities throughout the
United States and abroad.

Petitioner’s basic chemcals and plastics (C&) operations
i nvol ved the processing of raw hydrocarbon feedstocks--
principally ethane, propane, and naphtha--into basic buil ding-
bl ock chem cal s known as olefins. Ethylene and propyl ene were
the maj or ol efins UCC produced and were key raw materials for
petitioner’s ol efins-chain C& busi nesses.

Petitioner used process technol ogies to convert manufactured
and purchased et hyl ene and pol ypropylene into first-Iline
derivatives such as: (1) Polyethylene, which is used for high-
vol unme applications such as food containers, mlk and water
bottles, grocery and trash bags, pipes, and tubing; (2)
pol ypropyl ene, which is used for simlar high-volune
applications; and (3) ethylene oxide/glycol and derivatives,
whi ch are used for products such as autonobile antifreeze,
pol yester resin, and filmand as raw naterials for petitioner’s
specialty and internedi ates chem cal s busi ness.

Petitioner’s specialty and internedi ates chem cal s
operations involved the production of a wide variety of specialty

chem cal and pol yner product lines, as well as solvents and
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chem cal internediates. During the credit years petitioner also
licensed its key ol efi ns-based process technol ogi es, such as the
UNI POL process for manufacturing polyethylene, to third parties
in the oil and gas petrochem cal industries.

During the credit years UCC mai ntai ned research and
devel opment (R&D) technical centers in South Charl eston, West
Virginia (South Charleston); Tarrytown, New York; Bound Brook,
Edi son, and Sonerset, New Jersey; and Cary, North Carolina. UCC
carried out process and design engineering at the technical
center in South Charl eston.

On February 6, 2001, UCC nerged into a wholly owned
subsidiary of Dow Chem cal Co. (Dow).

B. Procedural History

UCC, as the common parent of petitioner’s consolidated
group, tinely filed consolidated Federal inconme tax returns for
the years at issue on Forns 1120, U.S. Corporation Inconme Tax
Ret ur n.

On its 1994 and 1995 Federal incone tax returns (returns),
petitioner claimed research credits of $14, 100,887 and $4, 053, 901
for 1994 and 1995, respectively (original returns research
credits). UCC elected the reduced research credit under section
280C(c)(3) on its 1995 return, but not on its 1994 return.

In conputing the original returns research credits,

petitioner included the follow ng anmounts as QREs for 1984
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t hrough 1988 attributable to UCC (UCC s original returns base

period QRES):

UCC s Oiginal Returns

Year. Base Peri od OREs
1984 $68, 503, 722
1985 64, 742, 828
1986 48, 107, 169
1987 52,170, 492
1988 70, 499, 622
Tot al 304, 023, 833

UCC s original returns base period QREs for 1984 through 1987
were drawn exclusively fromUCC s R& technical centers. UCC s
1988 original returns base period QREs were drawn from UCC s R&D
technical centers except for $1.9 nmillion attributable to UCC s
G 1750 reactor at its Seadrift facility in Texas (Seadrift).

UCC s annual gross receipts for the base period were as

fol |l ows:
UCC s Annual
Year G oss Receipts
1984 $2, 737, 545, 150
1985 2,440, 721, 126
1986 2,976,592, 778
1987 3,547, 163, 938
1988 5,033, 745,128

Tot al 16, 735, 768, 120
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UCC s annual gross receipts for 1990 through 1994 were as

fol |l ows:
UCC s Annual
Year G oss Receipts
1990 $4, 010, 083, 913
1991 3,724,913, 910
1992 3, 608, 486, 054
1993 3,617, 655, 799
1994 3, 789, 545, 361

On March 22, 1999, respondent tinely nailed a notice of
deficiency to petitioner determ ning i ncone tax deficiencies of
$20, 481, 520 and $140, 732, 254 for 1994 and 1995, respectively.

The parties negotiated an agreenent that resol ved nost of
the issues raised in the notice of deficiency. Respondent
al l owed petitioner’s original returns research credits as part of
t he negoti ated agreenent.

Petitioner alleges in its petition, as anended, that it is
entitled to additional clainmed credits of approximately
$3, 656,091 and $4, 726,664 for 1994 and 1995, respectively.®
Petitioner’s claimed credits are based on 106 projects it
conducted in various units within six manufacturing plants during

the cl ai myears.

®These figures have not been adjusted to reflect the fact
that petitioner has conceded that sonme of the projects do not
satisfy the requirenents of sec. 41(d).
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In conputing the clained credits, petitioner clainmed
$56, 247,556 and $145, 435, 822 as addi ti onal QREs under section
41(b) for 1994 and 1995, respectively (clainmed QREs). The anount
of claimed QREs for 1995 is the full-year anount although
petitioner acknow edges that section 41 does not apply to any
anount paid or incurred after June 30, 1995, and before January
1, 1996, and petitioner will disregard such anounts in conputing
t he ambunt of additional research credits to which it is
entitled. On its original 1994 and 1995 returns petitioner
reported the clainmed QRES as costs of goods sold. The supply
itenms that are in dispute are raw naterials used to produce goods
for sale.

For purposes of resolving this action expeditiously, the
parties have agreed to try five of the |largest projects
underlying petitioner’s affirmative research credit clains.’” The

five claimprojects are referred to as: (1) The Anbco anti coki ng

"The parties have not specified howthey will proceed as to
the remaining credit year projects. The Court hopes that this
opinion will provide the parties with sufficient guidance to
determ ne whether additional research credits are avail able for
those projects. However, additional proceedings may be necessary
if the parties cannot agree on the final disposition of the
remai ni ng projects.
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project; (2) the spuds project;® (3) the sodi um borohydride
project; (4) the UOP GA- 155 project; and (5) the UCAT-J project.

The Court held two special trial sessions in connection with
the petition clains. The first addressed the research credit
eligibility of the claimprojects, and the second addressed
petitioner’s section 41(c) base anmpunt reconputation. Both
parties introduced fact testinony fromfornmer UCC enployees (in
sone instances, current Dow enpl oyees) and opinion testinony from
expert W tnesses.

Il. daimProjects

UCC conducted the claimprojects at the Taft Plant (Taft)

and the Star Plant (Star), both of which were in Hahnville,

Loui siana.® UCC conducted its ol efins production at Taft’'s

hydr ocar bons unit, which contained two production subunits
designated A efins-1 and Aefins-2. During the credit years Taft
was a manufacturing plant that included facilities for the
conversion of raw hydrocarbon feedstocks such as ethane, propane,
and naphtha into basic olefins such as ethyl ene, propylene, and

but adi ene. The Anpbco anti coking, spuds, sodi um borohydride, and

8Peti ti oner now concedes that the spuds project is not
qualified research. However, for reasons di scussed bel ow, we
wi || make an i ndependent determ nation as to whether the spuds
project constitutes qualified research.

°Fol | owi ng Dow s acquisition of UCC in 2001, Taft and Star
were integrated into a single petrochem cal conplex referred to
as St. Charles Qperations.
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UOP GA-155 projects related to the ol efins production process and
were conducted at Taft.

UCC produced fil mand nol di ng pol yet hyl ene resins using
petitioner’s | ow pressure UNI POL process technology at Star. The
UCAT-J project related to UCC s production of polyethylene resins
and was conducted at Star.

A. The defins Production Process

A highly sinplified description of the ol efins production
process at Taft is that hydrocarbon feedstock is punped from
storage into pyrolysis furnaces, preheated, and diluted with
steam and then is broken into |lighter hydrocarbons through
t hermal cracking. Hydrocarbons are any chem cal conpounds
consisting primarily of carbon and hydrogen. Hydrocarbons nmay
include 1 to nore than 60 carbon atons and can be gases, |iquids,
or solids at normal tenperatures depending on the nunber of
carbon atons in the conpound. Hydrocarbons are found in
petrol eum coal, and natural gas. Hydrocarbons are significant
sources of fuel and raw materials for the production of basic
petrochem cal s and derivatives such as plastics, rubbers, and
specialty chem cal s.

“Cracking” is the process whereby hydrocarbon nol ecul es are
deconposed and reconbined into |ighter, commercially useful
nmol ecul es through the breaki ng of carbon-to-carbon or carbon-to-

hydr ogen bonds. Cracking can be acconplished through a therma
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or a catalytic process. UCC s olefins production facilities
enpl oyed a thermal process called “steam cracking”, whereby a
gaseous or liquid hydrocarbon feed is diluted with steam and
heated in a fire furnace. The steam cracking reaction requires
tenperatures in the range of 1400 to 1650 degrees Fahrenheit and
ordinarily occurs for less than half a second before being
“quenched”, or cooled rapidly, in a heat exchanger or by direct
contact with colder fluid. UCC s heat exchangers are typically
referred to by the acronym“TLE’, which stands for “transfer |ine
exchanger”. A TLE tubesheet is a flat, circular sheet
approximately 5 feet in dianeter that manifol ds together many
doubl e concentric tubes each with an inner dianmeter of about 1
inch. Water and steam fl ow through the concentric annul us of
each doubl e concentric tube, and the very high tenperature
effluent flows through the center tube. Heat is transferred from
the cracked gas, or “effluent”, to the water and steamto quench
the ethyl ene furnace reaction products. TLEs use the extrenely
hot effluent to boil water into high pressure steamthat may be
used to power large steamturbine drivers in the product recovery
section of the plant or for other purposes.

The steam cracking process requires the construction and
mai nt enance of |l arge, capital intensive, and conpl ex cracking
furnaces to supply the necessary heat. Most of the furnaces at

Oefins-1 and 2 were Lummus SRT (SRT stands for “short residence
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time”) furnaces. A Lummus SRT furnace consists of a rectangul ar
firebox with a row of vertical tubular coils, or “cracking sets”,
| ocated in the center plane between two radiating ceramc
refractory walls.

After the effluent is initially quenched in the furnace’s
TLE to m nim ze secondary chem cal reactions, it is further
gquenched through direct contact with water and/or oil in a quench
tower. Heavier hydrocarbons, known as “pyrolysis fuel oil”, are
separated fromthe effluent during the quenching process. The
cracki ng, quenching, and pyrolysis fuel oil separation processes
occur in the hot section of UCC s ol efins production units.

After quenching, the effluent enters the recovery section
(or cold section) of the olefins production units. The effluent
is first conpressed in a nultistage centrifugal conpressor to the
pressure required for separation. Acid gasses such as carbon
di oxi de and hydrogen sulfide are renoved in an acid gas renpva
unit during the conpression process.

Fol | ow ng conpression and acid gas renoval, the effluent is
dried, chilled, and partially condensed. It then proceeds
t hrough a separations train whereby ethyl ene, propyl ene,
but adi ene, and byproducts are fractionated and recovered in a
series of distillation colums and rel ated equi pnent.

Distillation is perforned in a columm through the

application of heat froma reboiler at the colum’s base and the
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removal of conponents in a condenser at the colum’s top. The
lighter fraction in the colum feed m xture (the fraction
containing the conponents of the mxture with the |ower boiling
points) is separated according to the |lower boiling points
relative to the other chemcals in the mxture and recovered as
overhead vapor at the top of the colum. The heavier fractions
in the colum feed mxture exit as “bottons” through the colum’s
base.

AOefins-1 and A efins-2 each had several distillation
colums, including the denethanizer (C) colum, which separated
met hane fromless volatile conponents; the deethanizer (GC)
col umm, which separated ethylene and ethane fromless volatile
conponents; the depropanizer (G) colum, which separated
propyl ene and propane fromless volatile conponents; and the
debut ani zer (C,) colum, which separated crude butadi ene, butane,
and ot her four-carbon conmpounds fromless volatile conponents.
The units al so included an ethyl ene fractionator, which separated
et hyl ene from et hane, and a propyl ene fractionator, which
separ ated propyl ene from propane, as well as several other
col ums.

Recovered net hane and hydrogen were used primarily as fuel
gas. UCC typically supplied recovered ethyl ene, propyl ene, and
crude butadiene to third parties and/or one of UCC s dedi cated

ol efins derivatives units. UCC al so recovered and sold certain
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byproducts of the ol efins production process, such as acetyl ene,
dri pol ene (pygas), and fuel oil. Ethane and propane recovered in
the process were recycled through the process to extinction.

B. The Anpbco Anticoki ng Project

1. Overvi ew of Coki ng

Coke is a heavy, hard, and relatively brittle form of carbon
that gradually fornms on the interior walls of cracking set coils
during the cracking process. The cracking reaction produces two
types of coke, “catalytic” and “thermal”.® Catalytic coking is
caused by the reaction between active netal sites on the inner
furnace tube walls and hydrocarbon nol ecules in the cracked
furnace gas. Thermal coking gradually fornms as a result of the
reacti on between catal ytic coke and the highly reactive products
in the cracked furnace gas. Tine and tenperature conbine to
renove the hydrogen fromthe hydrocarbon nol ecul es, form ng
t her mal coke.

Coke buil dup adversely influences furnace performance in a
nunmber of ways. Coke insulates the furnace tubes fromthe
i nside, inpeding effective heat transfer fromthe furnace walls
to the gas within the cracking sets. This gradually increases
the skin tenperature of the coils to the nechanical limt,

approxi mately 2,000 degrees Fahrenheit. Coil coking also closes

9There are other coke formation theories that are not
rel evant here.
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off the flow cross-section area within the cracking sets and
t hereby causes the hydrocarbon partial pressure (the pressure
exerted by the hydrocarbons within the gas m xture) to increase.
Hi gher partial pressure in the coils reduces the desired ethyl ene
yield fromthe furnace

Coke al so accunul ates in the TLEs, located inmediately
downstream fromthe radi ant section, and the accunul ati on can
| ead to higher hydrocarbon partial pressures and TLE exit
tenperatures. Higher pressure in the TLEs caused by coking al so
reduces the desired ethylene yield fromthe furnace.

Because of these effects of coking on furnace operation, the
cracking sets nust be decoked periodically. UCC generally
decoked the furnaces in Taft’s hydrocarbons unit every 30 to 60
days through a process in which air and steamwere fed into the
cracking sets at el evated tenperatures (hot decokes). After
approximately three to four hot decokes, UCC brought the furnaces
down for an extended “cold turnaround” in which damaged cracki ng
sets were replaced and coke was manually renoved fromthe TLE
system Hot decokes and cold turnarounds necessarily resulted in
mai nt enance costs and | ost production. Inhibiting coke formation
could result in reduced mai ntenance, |onger furnace run tines,

| onger equi pnent life, and increased productivity.
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2. The Coke Reduction Program and Anpbco’s Technol ogy

Before and during the credit years UCC s hydrocarbons R&D
group had in place a coke reduction program ai mned at achi evi ng
econom ¢ and productivity inprovenents by inplenenting
t echnol ogi es designed to reduce or elimnate coke in UCC s
et hyl ene furnaces. Because of the inefficiencies caused by coke,
finding ways to reduce or elimnate coke was an inportant
obj ective of UCC s hydrocarbons business. The goal of the coke
reduction programwas to reduce the nunber of decokes per year by
50 percent and increase productivity by 4 to 4.5 percent per
year. |f successful, UCC estinmated that this would reduce its
decoking costs by $2.4 nmillion per year and increase revenue by
as much as $20 mllion.

Many coke mtigation technol ogi es have been proposed and
devel oped in | aboratories over the years, but none have succeeded
comercially. Sone failed to mtigate coke or even nade it
worse. UCC screened and comercially tested nunmerous anti coking
technologies in the md-1980s and later. During the credit years
there was no known, generally accepted, comrercial coke
mtigation technology for pyrolysis furnaces. UCC considered at
| east four technol ogies during the credit years but tested only
t echnol ogy devel oped by Anoco Chem cal Corp. (Anmpco) during that

peri od.
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One of UCC s senior engineering scientists, David M| ks,
approached Anoco regarding its anticoking technology in January
1994. Dr. M| ks operated out of the South Charleston technical
center. On January 21, 1994, Anpbco’s anticoking technol ogy
manager wote to UCC regardi ng an Anoco-devel oped furnace
anti coki ng technol ogy that would mtigate coke formation and
extend furnace run tinmes between decokings. Anpbco’s technol ogy
involved the pretreatnment of the interior walls of the cracking
sets with a solution of dithiophosphoric acid derivative. Anpco
clainmed that the pretreatnent bonded to the sites of the tube
wal I s that pronote catal ytic coke formation and “poi soned” these
sites for several furnace runs to prevent coke buil dup. Anbpco
told UCC that its anticoking technol ogy had been successfully
tested in a pilot plant and two commercial plants and that the
treat nent had been shown to survive multiple decokes. After
readi ng about the science behind the technology, Dr. MIKks
believed that it was theoretically sound but not yet proven.
Both Dr. MI ks and Anboco were interested in testing the
technol ogy on UCC s facilities.

Several UCC enpl oyees forned the Anpbco anti coki ng technol ogy
test teamto evaluate the technol ogy on one of the furnaces at
O efins-2 and to provide a recommendati on as to whet her UCC
should Iicense the technology and inplenent it on all of its

furnaces at Taft and other UCC plants. WIIliam Hyde, an
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operations inprovenent engineer at Taft, was the team | eader. As
the team | eader, M. Hyde prepared a charter for the team

eval uated the technology to determ ne whether it was worth
testing, and coordinated the testing of the technol ogy.

Anoco’ s anti coki ng technol ogy included the treating chem cal
and a specialized nethod of application. Unlike prior decoking
technol ogi es that UCC had tested, which involved the continuous
injection of an anticoking chem cal, Anobco’s technol ogy was a
pretreatnment to be applied to a clean furnace before introducing
t he feed.

Because of the proprietary nature of the technol ogy, Anbco
required the protection of a secrecy agreenent before disclosing
its process to UCC. On or about Novenmber 23, 1994, UCC entered
into an agreenment with Anoco relating to Anbco’ s anti coking
technol ogy (the secrecy agreenent). The secrecy agreenment was
the only agreement UCC entered into with Anpbco regardi ng Aroco’ s
anti coki ng technol ogy. According to the secrecy agreenent, UCC s
goal in conducting the Anoco anticoking project was to eval uate
the technical and economc feasibility of Arbco’s process and
equi pnent for inhibiting coking in UCC s ethylene furnaces. UCC
al so wanted to determ ne whether it was interested in a |icensing
arrangenent with Anoco. UCC s rights in Anroco’s technol ogy were
limted to these purposes. The secrecy agreenent obligated UCC

to provide Anbco with a nonconfidential summary of the Anbco
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anti coki ng technol ogy’s performance no later than 3 nonths after
testing was conpleted. UCC gained no rights in, or licenses to,
any Anoco patent, but the secrecy agreenent contenplated that the
parties could enter into a |licensing agreenent after the testing
was conpl et ed.

3. The Anpbco Anti coki ng Project

At the beginning of the Anmbco anti coking project UCC was
under the inpression that the Anoco technology was fairly
establ i shed and beyond early devel opnental stages but that it
woul d still require sone testing before it was proven technol ogy.
Except for the fact that UCC was testing the Anbco technol ogy,
UCC intended to continue its ethylene production process as usual
wi t hout decreasi ng production during the Amoco anti coking
proj ect.

UCC worked with Anmbco to draft a test plan that specified
the nunmber of test runs (runs), the run |l engths, what woul d be
measured, and the nethod of injecting the inhibitor. The run
| engt hs woul d be determ ned by “furnace cycles”, the anmount of
time the furnace woul d run between hot decokes under nor nal
operating conditions. The test plan called for the collection of
data over four consecutive furnace cycles. The testing would
begin on furnace 24 in Taft’s Aefins-2 unit. The test plan
provi ded that Anpbco would apply the inhibitor to four of the six

coils in the furnace so that the coke formation could be conpared
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between the treated cracking sets and the untreated cracking
sets. The test plan provided that treating four of the six coils
woul d ensure that the test results would not be affected by
di fferences between furnaces or operating conditions.

The test plan called for the collection of various
measurenents during decokes, including furnace coil skin
tenperature, pressure drop across the coils, TLE inlet pressure,
carbon nonoxi de, carbon di oxi de, and phosphine. Except for
phosphi ne, these neasurenents are affected by coke fornmation.
Phosphine is a toxic substance that can be produced when
phosphorous-containing materials are used as coke inhibitors.

To prepare for the test, M. Hyde prepared a Facility
Oper ati onal Change Review (FOCR) for the project. An FOCR is a
docunent that is prepared by the operations personnel when a
significant operational change is to take place. It generally
addresses technical, quality, health, waste, and safety issues
that nmust be consi dered before the change is inplenented in order
to mnimze any risks involved. Jason Tregre, a Taft hydrocarbon
R&D t echnol ogy manager, participated in the prestartup safety
review on furnace 24. As part of the test preparation UCC al so
manuf actured and installed nozzles according to design
speci fications provided by Anbco. Anong the other final test

preparati ons were several discussions with Anbco representatives
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and a wal kt hrough at Taft on Novenber 7, 1994, in which Anoco and
UCC personnel reviewed the pretreatnent application procedures.

On or about Novenber 28, 1994, after a hot decoke, four of
the six cracking sets were treated. Anoco personnel worked with
UCC s plant operators to apply the treatnment using Anmpco’s
equi pnent. Anpbco provided the treatnent free of charge and
agreed to pay any overtine for additional time that UCC s
enpl oyees would be required to work. The treatnent was conpl eted
on Novenber 30, 1994. After the pretreatnent was conplete, UCC s
pl ant personnel returned the furnace to normal operating
condi ti ons.

UCC paid for the feedstocks and fuel gases used during the
project as well as the normal wages of the UCC enpl oyees invol ved
in the project. The supplies used for the project were the sanme
supplies that UCC used for normal operations, and UCC sold the
mat eri al s produced during the Anbco anticoking project in the
ordinary course of its business. The Anpbco anticoking project
did not disrupt UCC s normal manufacturing processes or products.

After the pretreatnent was applied, UCC s plant personnel
t ook various neasurenents, including the follow ng, sone of which
were not normally taken and others of which were not normally

taken as frequently:
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Measur enment Frequency Nor mal
Taken Duri ng Test Frequency
Fur nace coil Once per day Once every 1
skin to 3 days
t enperat ure
Radi ant coi l At | east once Not normal |y
pressure drop per day measur ed
TLE inl et Conti nuously Conti nuously
pressure
Car bon nonoxide Not specified Not normal |y
measur ed
Car bon di oxi de During the Not normal |y
decoke measur ed
Hydr ocarbon and Every 6 m nutes Not specified
steam f | ows for the first 7
days, hourly
t hereafter
Phosphi ne Not specified Not normal |y
measur ed

Sonme of these neasurenents were collected on the Aefins-2 unit’s
process conputer, and others were coll ected manual ly.

UCC t ook neasurenents for approxi mately 45 days, then
performed a hot decoke of furnace 24 in January 1995.
Thr oughout the project UCC continued to decoke furnace 24
according to the plant’s nornmal schedule. UCC restarted the
furnace on or about January 15, 1995, without retreating the
furnace and continued to take neasurenents for about 9 days
t hereafter.

Dr. Hyde conpiled these neasurenents and sent themto Dr.

M I ks and Dr. Husebye, a researcher in the hydrocarbons R&D group
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at the South Charleston technical center. Dr. Husebye
reformatted the data and anal yzed them Dr. Husebye did not
typically performthis type of analysis. UCC did not share the
data it collected with Anpco. !

Dr. Husebye and Dr. M| ks docunented the results of the
first Anoco pretreatnent in a report dated February 21, 1995.
The report covered approximately 7 weeks of furnace 24’ s
operation. The results showed that carbon nonoxide in the
treated cracking sets was initially reduced, indicating
successful coke inhibition. However, after the first hot decoke
and restart of furnace 24, there was no statistically significant
difference in the anount of carbon nonoxide in the treated versus
untreated cracking sets. Dr. MIlks and Dr. Husebye hypot hesi zed
that the hot decoke that was perforned before the Anpbco
pretreatnment was applied m ght have been inconplete and the
pretreatnment m ght not have survived the first hot decoke
followng the pretreatnment. The results fromthe other
measurenents were either inconclusive or indicated no difference
between the treated and untreated cracking sets.

Because the results fromthe first pretreatnent were
i nconclusive, Dr. MIlks and Dr. Husebye recomended a second

pretreatment with the Anoco technol ogy after a thorough cold

1Respondent argues that UCC did share data it collected
wi th Anpbco, and there is conflicting testinmony on this point.
However, this fact does not control our decision.
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turnaround. Anobco personnel applied the second pretreatnent in
April 1995 to four of the six cracking sets. UCC personnel
gathered the sane data follow ng the second pretreatnent as they
had gathered following the first pretreatnent, and Dr. Husebye
anal yzed the data. Wile UCC did not retain its analysis of the
second pretreatnent, it did retain archived conputer records that
i ncluded data collected after the second pretreatnent that could
be used to reconstruct the original analysis.

Fol l owi ng the second pretreatnent, the initial carbon
nmonoxi de | evels in the treated cracking sets were again
significantly | ower than the carbon nonoxide |levels in the
untreated sets. However, after the hot decokes of furnace 24 in
May and June 1995, the carbon nonoxide levels in the treated and
untreated cracking sets were nearly identical. The results from
the second pretreatnent, as a whole, indicated that the Anpbco
technol ogy did not inhibit coke formation in furnace 24’s treated
cracking sets during the runs conducted between April and m d-
August 1995.

On August 21, 1995, a furnace operator participating in a
cold turnaround of furnace 24 observed that the TLE cones
connected to the treated cracking sets had significantly greater
anounts of coke deposits than the TLE cones connected to the

untreated cracking sets. This was unexpected, and UCC believed
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that the pretreatnent may have contributed to the excess coke in
the TLE cones.

During the cold turnaround UCC renoved tube sanples and coke
sanples fromfurnace 24 to be tested. UCC s corrosion and
machi nery engi neering departnent eval uated the sanples and
docunented the results of its analysis in a formal project
report. This report included the results of several tests
performed on the sanples, analyses of those tests, and
recommendations for future tests of the Anoco technol ogy. UCC
did not prepare any other formal project reports to specifically
docunent the results of the second pretreatnent. However, UCC
reported the results of the two pretreatnents in several infornma
reports and nenoranda.

UCC consi dered the Anbco anticoking project to be finished
i n August 1995, and UCC never again tested the Anpbco technol ogy
in any of its ethylene furnaces. UCC |ater discovered that the
probl em m ght have been caused by a m stake on Anrbco’s part in
establishing the feed rate or the quantity of inhibitor to be fed
to the furnaces. This indicated to UCC that Anpbco’s technol ogy
was nore devel opnental than UCC originally believed it to be.
UCC never entered into a licensing agreenment with Anbco to use
its technol ogy.

UCC used the infornmation gathered during the Anmobco

anticoking project primarily to determ ne that Anpco’ s technol ogy
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did not effectively reduce coke formation in its commerci al
facilities. UCC also | earned about the operation of
t hi ophosphates (the active ingredients in the Anbco technol ogy),
the rel ati onship between sul fur and carbon nonoxi de | evels, and
the effect of anticoking technology on the ceramc material on
TLE cones. UCC used this information in the course of its
busi ness.

M. Hyde spent 35 hours in 1994 and 10 hours in 1995 wor ki ng
on the Anpbco anticoking project. M. Tregre spent 5 hours
wor ki ng on the Ampbco anticoking project in 1994, 12

C. The Spuds Project

1. Overview of the Spuds Project

The spuds project involved replacing four-hole spuds with
one-hol e spuds on furnace 3 in Oefins-1 at Taft. The one-hole
spuds were installed on furnace 3 on or about January 13, 1995.

A burner is a device that provides radiant heat in a
pyrol ysis furnace through controlled conbustion. 1In a pyrolysis
furnace, conbustion is intended to provide a uniformtenperature
to the fired radiant wall, allow ng for even heat fl ux

distribution to the cracking set coils.

12Petiti oner does not claimas QREs any wages paid to Dr.
M I ks or Dr. Husebye, who operated out of the South Charl eston
technical center. Their wages woul d have been included in
petitioner’s original returns research credits.
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The furnaces in Aefins-1 each had 112 radi ant wall burners.
The burners are nounted through the furnace radiant wall and
produced a thin, flat circular disk of flanme adjacent to the
wall. The burners were equally spaced in a grid pattern and
radi ated heat to the process tubes on the centerline of the
furnace. Each burner had a single spud.

A spud is the orifice or port through which fuel gas flows
into the burner. It resenbles a bolt with one or nore holes at
the end. Spuds are installed at the piping term nations of each
burner and affect fuel flow and pressure. Spuds function to
equal ly divide the anount of fuel being injected to each burner
so that the heat released fromthe burners is evenly and
predi ctably distributed throughout all of the burners in the
firebox. The size and nunber of spud orifices determ ne the
pressure of the fuel gas just upstreamof the orifice and the
exit velocity of the fuel gas fromthe orifice, paraneters known
as “flow characteristics”. Flow characteristics of the spuds
hel p determ ne the burner firing capacity, which is the British
Thermal Unit (BTU) per hour heat output generated by a single
burner, flame stability, and fuel efficiency. As fuel gas passes
t hrough the spud it produces a high velocity gas jet, which
entrains conbustion air and mxes it with the fuel. The anount
of air that mxes with the fuel is critical to the stability of

the fl ame.
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VWhen it was first built in the 1960s, defins-1 used one-
hol e spuds until it was noth-balled in the 1980s. Wen it was
restarted in 1989, Aefins-1 switched to four-hole spuds in order
to reduce noise. The four-hole spuds were prone to plugging, and
UCC typically cleaned the spuds during furnace shutdowns by
poking themw th pieces of wire. Plugging of spuds nay al so be
i nproved or elimnated by cleaning the fuel gas system renoving
contam nants in the fuel gas, setting up a regular maintenance
schedul e for renoving and cl eaning the spuds, or increasing the
size of the orifice(s) in the spuds. Sonme of these nethods may
be costly and/or |abor intensive. Wile replacing nultihole
spuds with one-hole spuds w thout changing the total area of the
hol es was a known net hod of reducing plugging, one-hole spuds
cause significantly nore noise than nmultihol e spuds and therefore
cannot al ways be used.

The Taft hydrocarbons unit identified fuel efficiency as an
area for operational inprovenent. In Cctober 1994 the John Zi nk
Co. conducted a conbustion survey of Taft’s hydrocarbons unit.
The John Zink Co. is a large ethylene burner manufacturer that
manuf actured the burner used on furnace 3. Burner manufacturers
generally use their test furnaces to eval uate new spud designs
because testing new spuds in a commercial furnace can be
hazardous and the costs are unreasonably high. However, once a

spud design is proven, it generally perforns better on comerci al
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furnaces than on test furnaces because the higher heat content in
a comercial furnace results in nore stable flanes. Testing and
eval uating a new spud on a test furnace takes about a day or

| ess.

Fol | ow ng the survey, the John Zi nk Co. recommended using
one- hol e spuds instead of four-hole spuds in the AQefins-1
furnaces to reduce plugging. UCC had been using one-hol e spuds
inits Aefins-2 furnaces since the |late 1970s and noticed that
A efins-2 had not experienced any pluggi ng problens. However,
UCC was concerned about changi ng to one-hol e spuds because they
m ght create too nmuch noise. defins-1 and 2 were physically
different, and noise was nore of a concern at Oefins-1 than at
O efins-2. However, noise was not a nmjor concern because the
pl ant personnel already wore hearing protection.

UCC foll owed the John Zink Co.’s recommendation to try
switching fromfour-hole spuds to spuds with one hole with the
sane total hole area. UCC decided to purchase enough spuds for
t hree furnaces, which would cost $3,400 to $3, 700 per furnace.
UCC believed that this was a rel atively inexpensive way to sol ve
the plugging problem UCC intended to test the new spuds on one
furnace; and if the test was successful, then UCC woul d
i mredi ately begin replacing the spuds on two ot her furnaces.

To test the new spuds, UCC planned to nonitor performance

data such as: (1) The fuel-to-feed ratio (BTUs of fuel per point
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of feed), (2) excess oxygen in the fuel gas, (3) the anmount of
conbustibles in the fuel gas, and (4) fuel pressure. UCC
intended to evaluate the fuel efficiency inprovenents by
measuring BTUs in a process conputer, neasurenents that were
avai |l abl e regardl ess of whether a test was being perforned. The
goals of the test were to determ ne whether the new spuds woul d:
(1) Stop or reduce plugging; (2) increase efficiency, and if so
by how nmuch; and (3) increase noise, and if so by how nuch. M.
Tregre was involved in this planning.

UCC did in fact take the above test data on furnace 3 for
about 90 days. M. Janes Gorenflo, a furnace technician, was
involved in testing furnace 3. UCC nonitored pluggi ng by
checking fuel pressure gauges. The results showed that pressure
was not increasing, which indicated that the new spuds sol ved the
pl uggi ng problem UCC al so eval uated fuel efficiency by
anal yzi ng neasurenents of fuel gravity and the fuel-to-feed
ratio. M. Tregre was involved in this evaluation. The results
showed that fuel efficiency inproved, although not as
dramatically as UCC had hoped.

Because t he one-hol e spuds sol ved the pluggi ng problem UCC
install ed one-hol e spuds on all of its furnaces at Aefins-1
after the 90-day test period was over. Wile UCC hoped that the

change woul d i ncrease fuel efficiency nore, the fact that the
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one- hol e spuds sol ved the pluggi ng problemwas sufficient
justification for changing the spuds.

M. Tregre spent 70 hours in 1994 and 10 hours in 1995
wor ki ng on the spuds project. M. CGorenflo spent 10 hours in
1995 wor ki ng on the spuds project.

2. Petitioner’'s Mdtion for Leave To Anend Its Petition

On January 19, 2007, petitioner filed a notion for leave to
amend its petition. |[If filed, the anended petition would have:
(1) Wthdrawn petitioner’s affirmative claimfor additional
research credits under section 41 to the extent it was based on
the spuds project, (2) adjusted the claimed QREs to reflect the
wi t hdrawal of the spuds project, and (3) applied the correct
credit rate for 1994. Respondent opposed this notion because the
Court had already held a trial on the claimprojects, including
the spuds project. G ven the substantial cost of litigation
respondent argued that he would be prejudiced if the Court was
prevented fromrendering a decision on whether the spuds project
satisfied the criteria for qualified research. 1In addition, to
the extent that petitioner clainmed additional research credits
for projects simlar to the spuds project that were not litigated
in the claimyear trial, respondent argued that he would be
prejudi ced by the absence of a decision on whether the spuds

project constituted qualified research.
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Followi ng a hearing on this notion on August 29, 2007, we
deni ed petitioner’s notion because we found that it would be
unfair to allow petitioner to unilaterally alter its agreenent
Wi th respondent to hold a trial on the five claimprojects.

D. The Sodi um Bor ohydri de Project

1. Overview of the Acid Gas Renpval System

The sodi um bor ohydri de project involved the injection of a
sodi um borohydri de solution into the Aefins-2 caustic scrubber.

The A efins-1 and Aefins-2 acid gas renoval systens renove
carbon di oxi de and hydrogen sulfide from cracked furnace gas.
Acid gases are inpurities that can cause operational problens in
downstream pl ant equi pnent. Acid gas renoval is al so necessary
to nmeet product specifications.

The acid gas renoval system consists of a regenerative
nonoet hanol am ne (MEA) system foll owed by a caustic scrubber.
Cracked furnace gas is fed into the MEA system where it is
washed with a countercurrent flow of am ne solution that renoves
the bul k of acid gases. As an incidental benefit the MEA system
removes the inmpurity acetal dehyde fromthe cracked furnace gas.
Acet al dehyde is a highly reactive conpound created in trace
gquantities during the thermal cracking of hydrocarbons in the
presence of steam It is forned in the furnaces through the
interaction of free radicals from steam and et hane or other raw

mat erials. Acetal dehyde can pol ynerize and foul plant equi pnent.
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After being treated by the MEA system the cracked furnace
gas passes through a two-stage caustic scrubber for renoval of
residual acid gases. The caustic scrubber is sized so that it
can reduce acid gases to specification |levels even when the MEA
systemis shut down.

The MEA systens in both Aefins-1 and Aefins-2 had to be
periodically shut down and manual |y cl eaned because of the
fouling of heat transfer surfaces partially caused by
acet al dehyde pol ynerization. Fouling is the deposition of heavy
organic solids that were dissolved in process fluid. Wen one of
the MEA systens is down, the cracked furnace gas passes through
only the caustic scrubber for acid gas renoval. The caustic
scrubber, however, does not renove acetal dehyde. Taft’'s MEA
systens ordinarily ran from3 to 6 nonths between shut downs,
dependi ng on the feedstocks used and furnace cracking conditions.
Cl eaning the MEA systemnornally took about 14 days.

In the early 1990s UCC produced at its Taft plant a
hydr ocar bon product called crude butadi ene. Crude butadiene is
highly reactive and is a major contributor to fouling in the
ol efins process equi pnent. When the MEA system was shut down and
only the caustic scrubber was used to renove acid gases, sone
acet al dehyde woul d | eave the process with the crude butadi ene.

In 1994 Shell Ol Co. (Shell) was Taft’s primary custoner

for crude butadiene. At the tinme, Taft stored crude butadiene in
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two storage tanks and transported it in barges to Shell, which
operated a plant directly across the Mssissippi River fromTaft.
Shel | had a product specification |imting the anmount of
acet al dehyde in Taft’s crude butadiene to 100 parts per mllion
(ppm because acetal dehyde woul d foul Shell’s processing
equi pnent. On one occasion in the sumer of 1994, UCC
manuf act ured crude butadi ene that did not neet Shell’s
acet al dehyde specification. Shell refused to accept a barge
shi pnent of that crude butadiene and returned it to Taft.

Wen the MEA systemwas in service, acetal dehyde levels in
Taft’s crude butadi ene were well bel ow 100 ppm However,
acet al dehyde | evel s reached between 500 and 800 ppm when the MEA
system was shut down. One nethod that UCC used to bring off-
specification crude butadiene within specification |evels was
called “blending”. UCC would store off-specification crude
but adi ene and then blend it with on-specification crude butadi ene
when the MEA system was restart ed.

However, when the anmount of off-specification crude
but adi ene exceeded UCC s avail abl e storage capacity, UCC would
have to attenpt to recycle the crude butadiene or find a
purchaser who woul d accept it as it was. Another problem of
bl ending was that it was difficult to cal cul ate the anmount of on-
specification product needed to blend with the off-specification

product. UCC was al so considering building a pipeline directly
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fromTaft to the Shell plant, which would reduce or elimnate the
need for storage tanks and nake bl ending inpractical. Therefore,
UCC did not view blending as a permanent solution to the problem
of off-specification crude butadiene.

2. The Sodi um Bor ohydri de Project

Because of the shortcom ngs of blending, UCC sought a way to
remove acet al dehyde from crude butadi ene during the periods that
t he MEA system was shut down for maintenance. UCC decided that a
possi bl e solution was to add sodi um borohydride to the caustic
scrubber to renove acetal dehyde when the MEA system was shut down
for mai ntenance.

I n February 1995 UCC consi dered usi ng sodi um bor ohydri de
regularly to renove acetal dehyde if using sodi um borohydri de
proved to be effective. UCC knew that sodi um borohydri de was
effective in renoving al dehydes, including acetal dehyde, as UCC
had been testing sodi um borohydride in | aboratories for such
pur poses as early as 1961. UCC and its conpetitors had
successful |y used sodi um borohydride in commercial processes to
renmove acet al dehyde and ot her carbonyl conpounds from products.
However, UCC did not know how effectively sodi um borohydri de
coul d renove acetal dehyde in the caustic scrubber. Liquid sodium
bor ohydri de was often used to renove acetal dehyde from ot her
liquids, but in the caustic scrubber UCC would need to use liquid

sodi um borohydride to renove acetal dehyde froma gas. The
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interaction of a liquid with a gas is nuch nore difficult to
predict than the interaction of a liquid with other |iquids.

UCC al so knew that sodium bisulfate could be used to renove
acet al dehyde. However, UCC would have had to use a hi gher
concentration of sodium bisulfate than sodi um borohydride to
effectively renove acetal dehyde, and sodi um bi sul fate was nore
difficult to work with than sodi um borohydri de.

On Cct ober 10, 1994, M. George Brandon, a senior production
specialist at Taft, initiated an FOCR for injecting sodium
bor ohydride into the caustic scrubber in Aefins-2. According to
the FOCR, the purpose of the project was to run a test to
det er m ne whet her sodi um borohydri de could be used to renove
acet al dehyde when the MEA system was shut down.

An R&D report dated January 9, 1995, prepared by Robert
Manyi k, a consultant in the hydrocarbons R& group, was attached
to the FOCR In the R& report Dr. Manyi k proposed a plant test
to add sodi um borohydride to the caustic scrubber when the MEA
system was down in order to renove acetal dehyde to on-
specification |evels. UCC would use a sodi um borohydri de
solution called VenPure, sold by Mdrton Perfornmance Chem cal s
(Morton). The R&D report addressed whether such a test was
feasible, identified potential hazards that could arise during a
test, and provided the necessary technical information that would

be needed to conduct the test. The R&D report specified the
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equi pnent that was avail abl e, how nmuch sodi um borohydri de UCC
woul d purchase, the rate at which the sodi um borohydride woul d be
added, and the benefits and drawbacks of diluting the sodi um
bor ohydri de. The FOCR al so included a diagramillustrating how
t he sodi um borohydri de woul d be injected and a nenorandum setti ng
out, in question and answer format, the duration of the test, the
controls that would be nonitored, whether the sodi um borohydride
woul d be diluted, the physical configuration of the injection
equi pnent, operation tenperatures and pressures for the injection
equi pnent, and UCC s plan to prevent the buildup of salt
preci pitates.

One of the departnents that reviewed the FOCR was Taft’s
Environnmental Pollution Departnment (EPD). The EPD endorsed the
sodi um bor ohydri de project provided that certain conditions were
met. These conditions were that the EPD woul d sanpl e and nonitor
the plant’s wastewater for the presence of boron 2 weeks before,
during, and 2 weeks after the test, and the use of sodium
borohydri de woul d be imediately termnated if the nonitoring
i ndicated that the wastewater quality was beginning to
deteriorate. The EPD was concerned that |arge anounts of boron
m ght enter the wastewater system and di srupt the wastewater
treatnent. Another condition that the EDP i nposed was that the

injection rate woul d not exceed 5 pounds per hour; and if the
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plant was required to increase this rate, it would seek approval
fromthe EPD at that tinme.

Approval from UCC s R&D departnment was al so necessary before
begi nni ng the project because it involved the introduction of a
new chem cal to the process. UCC wanted to ensure that the
change was safe and that there woul d be no adverse consequences
to the plant process fromthe injection of sodi um borohydri de.
The R&D departnent approved the sodi um borohydri de project on
January 13, 1995, and the engi neering departnent approved the
sodi um bor ohydri de project on February 20, 1995.

UCC bel i eved that a plant test was necessary to determ ne
whet her sodi um bor ohydri de woul d effectively renove acetal dehyde
in an actual caustic scrubber. UCC was uncertain how well the
sodi um borohydride would m x with the acetal dehyde because of the
difficulty in nodeling liquid-gas interactions. Therefore, while
it was known that sodi um borohydride would react with
acet al dehyde in a |l aboratory or pilot plant setting, UCC was not
sure how wel |l sodi um borohydri de and acet al dehyde woul d react in
a full-scale plant given the plant’s size, gas flow, and
configuration. Because cracked furnace gas travels quickly
t hrough the caustic scrubber, UCC was unsure whether the
residence tinme of the sodi um borohydride in the caustic scrubber
woul d gi ve the sodi um borohydride sufficient time to react with

t he acet al dehyde and bring the crude butadiene within
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specification |evels. UCC was al so unsure of the appropriate
rate to inject the sodi um borohydride and of the effect the
sodi um bor ohydri de woul d have on the boron concentration of the
wast ewat er. Because of these uncertainties as to how sodi um
bor ohydri de would interact with acetal dehyde, UCC referred to the
sodi um borohydri de project as a “test run”.

After injecting the sodi um borohydride, UCC intended to
nmoni tor the acetal dehyde content of crude butadi ene extracted
fromthe caustic scrubber. The EPD al so planned to nonitor the
wast ewat er for boron content.

The equi prrent for the sodi um borohydri de project was
initially installed at Aefins-1 on June 11, 1995, but the crude
but adi ene remai ned within specification | evels when the Aefins-1
unit’s MEA system was shut down for maintenance. Accordingly,
UCC noved the equiprment to Aefins-2 and conducted the test
there. UCC had a limted anmount of sodi um borohydride and did
not want to waste it on crude butadi ene that was already on-
specification. The sodi um borohydride project began in the
A efins-2 unit on or about June 12, 1995, and ran for
approxi mately 2 weeks.

During the test, UCC injected the sodi um borohydride
solution into the Aefins-2 caustic scrubber. To inject the
sodi um bor ohydri de UCC used a snmall tote tank (owned by Morton)

to hold the solution, a small nmetering punp to inject the
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solution, and tubing to connect the tank and the punp to the
process. Mrton recomended an anount for UCC to inject, and UCC
foll owed that recomendation initially but then made adjustnents
as the project progressed. UCC did not regularly record the
anmount of sodi um borohydride that was injected during the test.

Taft enpl oyees nonitored the crude butadi ene production from
the defins-2 unit’'s C, colum during the sodi um borohydri de
project. UCC neasured the acetal dehyde content of the crude
but adi ene every 12 hours. UCC nornally took these neasurenents
about three tines a week. To take the neasurenents, plant
operators took sanples of crude butadiene to Taft’s central
quality control |aboratory for testing. |In addition, M. Brandon
measur ed acet al dehyde levels in the cracked furnace gas entering
and exiting the caustic scrubber. To take these neasurenents,
M . Brandon used a device called a “drager punp and tube systent
The tubes woul d i ndicate how many ppm of acetal dehyde the cracked
gas contained. M. Brandon took these neasurenents at | east
daily for the duration of the project. M. Brandon did not
normal |y take such neasurenents. As planned, the EPD al so
nmoni tored the wastewater approximtely every 12 hours. The EPD
normal Iy nonitored the wastewater weekly unl ess a special test
was being run

M. Brandon collected and recorded the results of the crude

but adi ene anal yses and drager tube tests and reported the results
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to Terry Swindle, a Taft engineer assisting wth the sodi um
bor ohydride project. M. Brandon devoted approxi mately 200 hours
to the sodi um borohydride project. The EPD coll ected and
recorded the results of the wastewater nonitoring and reported to
M. Swindle that the boron was within acceptable limts.
However, the data collected fromthe sodi um borohydri de project
were not docunented in a final project report. UCC treated the
January 9, 1995, R&D report prepared by Dr. Manyik as the
functional equivalent of a project report even though the report
was prepared before the test of sodi um borohydride occurred.

UCC consi dered the sodi um borohydride project to be a
success because the sodi um borohydride effectively kept the
acet al dehyde in the crude butadi ene production bel ow the 100 ppm
specification level. Accordingly, Taft began to use sodi um
borohydride regularly to reduce acetal dehyde | evel s when an MEA
system was shut down.

Several years later, UCC discovered that using sodi um
borohydride to renove acet al dehyde caused unacceptably high
| evel s of ethanol, a byproduct of the reaction, in the crude
but adiene. During the credit years UCC believed that ethanol
woul d | eave the systemw th the spent caustic and therefore did
not consi der whet her ethanol would be a problem and did not
measure it. However, the ethanol renained in the crude butadiene

and later caused it to fail Shell’s new specifications.
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Therefore, UCC began using a new product to renove acetal dehyde
i nstead of sodi um borohydri de.

E. UOP GA- 155 Proj ect

1. Overview of Fouling in the C, Col um

The UOP GA- 155 project involved the injection of an
i nhibitor, UOP GA-155, into the G colum line at Aefins-1 in an
attenpt to reduce fouling in the C colum trays and reboil ers.
Fouling is a major problemfor petrochem cal plants.

Consequences of fouling may include declining perfornmnce,
frequent shutdowns of process equi pnent, |oss of operation tineg,
and i ncreased mai ntenance costs for cleaning or replacenent of
equi pnent .

Fouling is a particular problemin distillation colum
services. Deposit buildup in distillation colums can reduce
capacity and efficiency by blocking the flow path and by i npedi ng
the performance of heat exchangers. An ethylene unit can
experience polynmer fouling in the C, G, and C, distillation
colums. The C; colum typically has the worst fouling problem

The main function of the G colum was to separate the
propyl ene and propane (C; nol ecul es) and heavi er hydrocar bons.
The liquid hydrocarbon steamentered the C, columm at the
colum’s mdpoint and fell to the bottomwhere it was heated by
one of the two reboilers nounted on the colum’s base. The

lighter GC; nol ecul es were vaporized and captured at the top of
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the columm, while the remaining heavi er conponents exited the
bottom of the colum and traveled on to the C, colum. The GC;

col um cont ai ned approxi mately 40 trays that held the liquid

hydr ocar bon stream bei ng processed so that it could be exposed to
t he vapor generated by the reboiler.

Colum fouling is typically greatest within the reboiler and
al so occurs in the trays. One cause of fouling in distillation
colums is the polynerization of reactive conponents in the
i quid phase of distillation. Polymerization is the |inking of
doubl e bonds to formlong chain nolecules. Mst of the
pol ynmeri zation is due to the reaction of diolefins and reactive
speci es such as styrenics.

In the md-1990s A efins-1 was experiencing high | evels of
fouling in the G colums, reboilers, and internal trays caused
by the formation of pol ybutadi ene polyner, a rubbery bl ack
substance that adhered to the insides of the colum. There were
two reboilers nounted to the base of the C; columm, but only one
operated at a tine. The pol ybutadi ene pol yner foul ed the tubes
in the operating reboiler and restricted the liquid flow. Wen
the reboiler fouled to the point that it becanme inoperable, it
was taken out of service and cleaned, and the clean reboiler was
pl aced in service. Typically, it took about 2 weeks to clean a

foul ed reboil er and cost about $25, 000. In 1994 and 1995 the
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ideal run time for a reboiler between cleanings was 2 to 3
nont hs.

The pol ybut adi ene pol ynmer al so accunul ated on the trays to
the point that the vapors rising fromthe bottom of the colum
coul d not pass through the holes in the tray. This fouling
created a high differential pressure in the colum, causing the
colum to flood with |liquid and becone inoperable. At this
poi nt, plant enployees would have to shut down the colum and
clean it. 1n 1994 and 1995 the ideal run tinme for a G, colum
was approximately 3 years but, depending on the feedstock,
cracking, and operating conditions, the colum would not always
run that long. It would typically take about a nonth to clean a
foul ed G col um and cost about $50,000. GCccasionally the entire
olefins unit needed to be shut down when a col um cl eani ng
occurred.

2. Overview of Inhibitors

An inhibitor is a chemcal that is added to a chem cal plant
to reduce fouling and increase the tinme that a particul ar piece
of equipnent wll operate before it needs to be cleaned or shut
dowmn. OAefins plants use two types of inhibitors (1)
pol ynmeri zati on/ oxi dation inhibitors and (2) dispersants.

Pol ymeri zati on/ oxi dation inhibitors are added to stabilize
certain products that can polynerize or break down when exposed

to air. Dispersants are added to products to keep inpurities
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suspended in the liquid hydrocarbon stream from depositing on
pl ant surfaces and fouling them An effective inhibitor wll
i nprove colum and reboiler run length times and will not cause
any additional problens in the plant.

UCC used about 12 different inhibitors inits olefins
manuf acturi ng processes at any particular tinme in the early
1990s. In 1994 and 1995 UCC used different inhibitors inits
ol efins manufacturing units because an inhibitor that works well
in one olefins plant may not necessarily work well in another
ol efins plant. Because equipnent differs fromplant to plant, an
i nhi bitor mght have a different residence tine or different
contact tinmes in different colums. |In addition, flow rates,
pressures, and tenperatures, which all affect the operation of an
inhibitor, differ fromplant to plant.

The vendors from whom UCC purchased inhibitors tested the
inhibitors in |laboratories to verify that they would in fact
i nhibit polynerization or oxidation. However, UCC could not
determ ne how well the inhibitors would work in one of its plants
Wi thout testing themin the plant. UCC generally gathered data
when using a new inhibitor and conpared that data to baseline
data to determ ne whether the inhibitor worked as expected. The
purpose of inhibitors is to extend the tinme equi pnent can be used
before it nust be shut down and cl eaned. Therefore, one way to

know whether an inhibitor is effective is to conpare the run tine
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of a conpressor, reboiler, or colum operating with the inhibitor
agai nst the preinhibitor run time of the sane equi pnent. UCC
believed that the test of a new inhibitor should | ast for about
as long as the vendor clainms the equipnment will run with the use
of the inhibitor. UCC also generally used inhibitor tests to
determ ne the proper dosage. Wile UCC believed it was inportant
to use enough of an inhibitor for it to be effective, excessive
use of an inhibitor can have adverse effects on the production
process or on the plant’s products. Furthernore, because
i nhibitors are expensive, using a higher dosage than is necessary
wi |l reduce the econom c benefit of using the inhibitor.

The hydrocarbons R&D group was generally involved in
decisions to test process inhibitors at UCC s plants because the
tests would involve the introduction of a new chemcal into the
pl ant and coul d have environnental, health, and safety
consequences. R&D was famliar with the chem stries and
processes of the plants and coul d provide i nput on whether a new
i nhibitor mght be effective in the plant, what dosage |evels to
use, how to set up the test plan, and how to neasure the results
of the inhibitor use.

3. The UOP GA-155 Proj ect

Dri pol ene was a byproduct of Taft’s ol efins production
process that flowed out the bottomof the C, colum, the final

colum in the olefins separations train. UCC could not ship
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dripolene unless it was stabilized wth a certain anount of
pol ynmeri zation/oxidation inhibitor. Wthout the inhibitor, the
dripol ene could react with oxygen and present an expl osion
hazar d.

Bef ore undertaki ng the UOP GA- 155 project, Taft’s
hydr ocarbons unit had been injecting a stabilizer known as UOP-5
into the dripolene as it flowed out of the C, colum. The active
i ngredi ent of UOP-5 was phenyl enedi am ne. The dripol ene from
A efins-1 and 2 was bl ended and stored in the sane tank, so the
A efins-1 dripolene was stabilized by the inhibitor injected into
the A efins-2 dripol ene.

Because cl eaning the reboilers and shutting down the col ums
was very expensive, UCC was al ways | ooking for ways to decrease
operating costs by reducing fouling. M. Brandon discussed the
problemw th nmenbers of Taft’s hydrocarbons R&D group to try to
find ways to reduce fouling in the G colum. M. Brandon
approached UCP, a supplier to the petrochem cal industry, to
determ ne whet her UOP had a product that could be fed directly
into the Aefins-1 C;, colum to both reduce fouling and stabilize
the dripolene. UOP reviewed UCC s process stream operation,
equi pnrent, and operating conditions. On the basis of those
observations, UOP recommended that UCC use UOP GA- 155, which
cont ai ns phenyl enedi am ne (the active ingredient used in UOP-5)

as well as a dispersant. UOP told UCC the approximte
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percentages of UOP-5 and the dispersant contained in UOP GA- 155.
UOP mai ntai ned that UOP GA- 155 woul d operate as an oxidation
inhibitor in the G colum, the phenyl enediam ne would stabilize
t he dripolene, and the dispersant would mtigate fouling in the
G, colum. UOP represented to UCC that UOP GA- 155 was effective
i n extendi ng process run | ength.

UCC had not previously used UOP GA-155 in any of its
facilities and was not aware of any other olefins plants in the
country that had used UOP GA-155. However, UCP told UCC that
sonme of the ingredients in UOP GA-155 were industry-w de standard
materials that were being used in olefins plants. UCC did not
consi der other possible inhibitors or chem cals because their
cost was excessive because they were bundled with the purchase of
services that UCC did not want.

UCC wanted to test UOP GA-155 in its plant because
successful | aboratory tests do not guarantee that an inhibitor
will be effective enough in a full-scale plant to justify its
cost. Wiile manufacturers often nmade representations to UCC
regarding the inhibitors that they were selling, the inhibitors
did not always work as represented.

To test the UOP GA- 155, UCC planned to inject UOP GA- 155
into the G, colum feed instead of into the dripol ene product as

it had done with UOP-5. The UOP GA- 155 woul d then fl ow out of
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the bottomof the G colum, flowinto the C, colum feed, and
flow out of the C, colum and the plant with the dri pol ene.

M. Brandon initiated an FOCR, nunbered 94-80 (FOCR 94-80),
for noving the equi pnment that was being used to inject UOP-5 into
the A efins-2 dripolene product over to Aefins-1 in order to
inject the inhibitor into the G colum feed. UCC hoped that
injecting the inhibitor into the C colum feed instead of
injecting it into the dripolene as it flowed out of the C, col um
woul d inhibit fouling in the depropani zer system M. Brandon
initiated another FOCR, nunbered 94-61 (FOCR 94-61), for changing
the inhibitor fromUOP-5 to UOP GA-155 and injecting UOP GA-155
into the G, colum feed. FOCRs were generally required when
i ntroduci ng new i nhi bitors because the introduction of a new
inhibitor is a process change. According to FOCR 94-61, the
pur pose of the change was to reduce fouling in the G and C,
colums and their reboilers. The FOCR |isted as concerns that
needed resolution (1) whether the custonmers woul d approve of the
change and (2) whether UCC had a punp that had a hi gh enough
di scharge pressure.

M. Brandon’s supervisor instructed M. Brandon to keep the
UOP GA- 155 project on hold until the necessary approval s had been
obt ai ned fromthe hydrocarbons R&D group, the EPD, and UCC s
custoners. UCC inforned its custoners that UOP GA-155 woul d be

injected into Taft’s A efins-1 production process, and its



- 56 -
custoners did not object. The FOCRs were finally approved on
Sept enber 22, 1994.

While M. Brandon hoped that UOP GA-155 woul d increase the
G colum’s run tinme, he was not certain how effective UOP GA- 155
woul d be. M. Brandon was al so concerned that UOP GA-155 could
actually harm UCC s production process. Specifically, he was
concerned that adding a dispersant to the columm coul d cause
exi sting polyners to | oosen fromthe colum walls and trays and
plug the colum. |If that happened, UCC would have to shut down
the columm and possibly the entire AQefins-1 unit. In addition,
M . Brandon was concerned about the effect that UOP GA-155 m ght
have on Taft’s comrerci al products because the UOP GA- 155 woul d
flow out with the crude dripol ene. Because UOP GA-155 would be a
new i ngredient in the product, it was possible that it could
adversely affect the downstream ol efins products or cause
probl ens when fed into custoners’ production processes.

The injection of UOP GA-155 into the C, colum feed line in
O efins-1 began soon after the final approvals were obtained for
FOCR 94-61 and FOCR 94-80 on Septenber 22, 1994. The
hydr ocar bons R&D group asked the plant personnel to collect data
during the test. Accordingly, M. Brandon collected daily all of
the pertinent data that were regularly recorded on the process
conputer systemin the Aefins-1 control room including

differential colum pressure, feed flows, throughput rate, steam
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tenperatures, and steamflows. Differential colum pressure is
the nmeasurenent of the different pressures across the colum
trays fromtop to bottom \Wen pol ybut adi ene pol yner accumnul at es
on the trays, the trays plug and the differential pressure
increases. Wiile UCC did not normally review these neasurenents
daily, UCC did nonitor reboiler chest pressure when there were
problens. It was also typical in the industry to nmeasure col umm
differential pressure when equipnent is prone to fouling.

During the test M. Brandon al so neasured and recorded
condensate pressure of the reboiler every day. Neither M.
Brandon nor any of UCC s ot her enployees had nonitored the
condensate pressure daily before the UOP GA-155 project. An
i ncrease in condensate pressure is a prinmary indicator of
reboil er fouling.

M . Brandon and ot her enpl oyees al so took sanpl es of
dri pol ene and anal yzed the inhibitor |evels once per 12-hour
shift. Before the UOP GA-155 project, UCC s enpl oyees had
anal yzed the inhibitor levels in the dripol ene once a week for
quality control. M. Brandon took neasurenents for approximtely
90 days during the UOP GA-155 project. M. Brandon al so kept
track of reboiler run lengths both before and during the test
period. M. Brandon spent approximtely 200 hours in 1994 and

200 hours in 1995 working on the UOP GA- 155 project.
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It would take approximately 3 years to determ ne whet her UCP
GA- 155 substantially extended the run |length of the C; col um.
UCC coul d determ ne whet her UOP GA- 155 was reducing fouling in
the columm by opening the colum, but that was not practical.
Therefore, UCC relied on indicators such as differential colum
pressure to determ ne whet her UOP GA- 155 was reducing fouling in
t he col um.

It would take at |east 3 nonths for UCC to assess whet her
UOP GA-155 woul d increase the run length of the reboiler because
the normal run length of a reboiler without the addition of an
inhibitor is about 2 to 3 nonths. UCC believed that a successful
i nhibitor could extend the run length of a reboiler to about 6
months. Therefore, while M. Brandon recorded data only for
about 90 days, UCC treated the project as begi nning on Septenber
22, 1994, and lasting for 6 nonths. During this time the
A efins-1 unit operated normally except for the addition of the
activities described above. UCC sold the products produced
during the UOP GA-155 project in the ordinary course of its
busi ness.

UCC consi dered the UOP GA- 155 project to be a success
because it reduced fouling and increased the run |l ength of the
reboiler to 6 nonths.

M . Brandon recorded the results of the project and shared

themwith M. Swindle. However, M. Brandon did not prepare a
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formal project report after the project was conpleted or save the
data for use when fouling of Aefins-2 was di scovered in 1997 or
1998. However, the results of the project would have been
reported in the quarterly reports that the hydrocarbons R&D group
prepared. The results of the UOP GA- 155 project were also
i ncluded in a nmenorandum prepared for a conference call to be
held on July 27, 1995. The nenorandum did not include data from
the project but reported the results as foll ows:

UCP Inhibitor Project: Recall that in the beginning of

the second half | ast year, the UOP-5 inhibitor was

replaced with the UOP GA-155 inhibitor and it was

injected earlier in the systemin order to reduce

fouling of the C3 Colum Reboilers in Ae-1. In

January of this year, the east kettle [reboiler] had to

be taken out of service due to tube | eaks which were

not caused by the inhibitor or fouling - it was due to

attack fromcarbonic acid in the steam condensate. The

new y purchased kettle, which was installed | ast

Cctober, was then put in service and is still in

service. W feel that the success of the kettle - six

month life - is primarily due to the use of the new

inhibitor. 1In addition, the new inhibitor is now al so

being used in de-2.

UCC did not always prepare formal project reports when an
i nhibitor test such as the UOP GA- 155 project was perforned.
Al t hough it was preferable for a project report to be prepared to
summari ze the results of an inhibitor test, this did not always
happen because it was not always a top priority.

On or about Cctober 28, 1994, about a nonth after the UCP
GA- 155 project began, M. Brandon began preparing an FOCR for a

project to begin using UOP GA-155 in Aefins-2. On Novenber 29,
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1994, M. Swi ndl e recommended that UOP GA- 155 be used at O efins-
2. On or about June 14, 1995, after the conpletion of the UCP
GA- 155 project, UCC began injecting UOP GA-155 into AOefins-2's
C, colum tail. The purpose of this change was to reduce fouling
inthe G, GC;, and G, colums in OQefins-2 and sinultaneously
stabilize the dripolene. However, during a plant shutdown in
1997 or 1998, UCC di scovered that the dispersant in UOP GA- 155
caused severe fouling in the A efins-2.

F. The UCAT-J Project

1. Overview of Polyethyl ene Production

The UCAT-J project involved a series of runs using a new
pol yet hyl ene (PE) catalyst referred to as UCAT-J conducted at
Star. PE is a plastic nade by reacting ethylene with other
materials to formpolyners, or nolecular chains, of ethylene.
The PE production process generally involves a reaction between a
pol ynmeri zation-initiating catalyst (as relevant here, M1 or
UCAT-J*), a cocatal yst, a nononer (usually ethylene), a
conononer (hexene or butene), triethylalumnum (TEA ), and
hydrogen. Once polynerization begins, nononer nol ecul es diffuse
to the growi ng polynmer chains and resin is formed. Follow ng
pol ynmeri zation, the resin is discharged into a separate vesse

known as a product purge bin. Purging renoves the residual

13The UCAT-J and M1 catal ysts are described in greater
detail bel ow



- 61 -

hydrocarbons in the resin and deactivates the catal yst and
cocatalyst. The resinis then fed into a pelletizer, which
converts the resin into pellets. The pelleted PE resin is the
finished product. UCC typically shipped pelleted PE in hopper
cars (which each hold about 185, 000 pounds of PE resin) to
custoners who used it to nake itenms such as grocery and trash
bags, packaging, thin-walled containers, and industrial |iners.

Star was dedicated to the commercial production of |inear
| ow-density filmand nolding resins (LLDPE) and medi um density
(MDPE) and high density (HDPE) nolding resins using UCC s | ow
pressure UNI POL process technology. “UNIPOL” is the trade nane
for a | ow pressure gas phase fluidized bed process that UCC
devel oped and licensed to third parties. Star’s Low Pressure 3
Unit (LP-3) operated two UNI POL reactors: Reactor 1, which was
used primarily for HDPE nol ding resins, and Reactor 2, which was
used primarily for LLDPE filmresins. Al though used for
di fferent purposes, the two reactors were physically and
technologically identical. Reactor 1 and Reactor 2 operated
continuously 24 hours a day except for limted downtine
mai nt enance, transitions, and unforeseen problens such as
el ectrical outages.

In the early 1990s UCC began to plan the design of another
UNI POL manufacturing facility, Low Pressure 6 Unit (LP-6). LP-6

was designed to produce PE using UCAT-J as the catal yst, but UCC
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decided to install tw different sets of catal yst feeders so that
M1 could be used at the plant if UCC could not commercialize
UCAT-J by the time LP-6 was conplete. UCC believed that it was
likely that it would be able to use UCAT-J at LP-6 once it was
constructed, but also knew that beginning the design of LP-6
bef ore UCAT-J was ready for commercial production was a ri sk.
UCC did not want to wait until UCAT-J was commercialized before
buil ding LP-6 because it takes years to design and build a
manufacturing facility and UCC wanted LP-6 to be conpl eted cl ose
to the time that UCAT-J was comrercialized. LP-6 began producing
PE in June of 1995 using UCAT-J.

A UNIPOL reactor is referred to as a “fluidized bed” because
the circulating gas flowin the reactor causes the solid granular
resin to fluidize. The catalyst is fed directly into the side of
the fluidized bed through an injection system A cocatalyst is
also fed into the bottomof the UNIPOL reactor to activate the
catal yst and pronote catal yst activity.

“Reactor operability” refers to a wde range of potenti al
reactor operating issues, including catalyst stability,
reproduci bility (whether the reactor consistently produces the
sane responses), reactor control, production rate control,
product discharge, and downstream equi pnent operation. Reactor
operability is affected by a nunber of factors such as the

hi story of the reactor since it was |ast cleaned (i.e., how often
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it has been exposed to oxygen and noisture), the m x of products
run on the reactor, the purity of the feed streans, and the
catal ysts and cocatal ysts used on the reaction system

A significant UNI POL operability issue is the formation of
sheets and aggl onerates caused by static in the reactor. Sheets
and aggl onerates are often referred to as continuity problens
because they interrupt the continuous operation of the reactors.
Sheets are forned when resin continues to react in a stagnant
zone (a zone with poor fluidization) next to the walls of the
reactor. Wthout fluidization to renove the heat of reaction,
the resin fuses together and forns sheet-like bl ocks ranging from
paper thin to several inches in thickness and several feet in
| ength. Agglonerates are forned when granul ar resin fuses
together formng solid or tightly adhered chunks ranging from
popcorn sized to several feet in dianmeter. These chunks can be
caused by sheets folding or rolling in the fluidizing bed, poor
catal yst distribution, |ocalized poor heat transfer, or areas of
poor fluidization on the reactor distributor plate. Sheets and
aggl onerates interfere with fluidization and plug the product
purge bin valve, requiring UCC to shut down and cl ean the
reactors.

Anot her operability issue is the formation of small, dust-

i ke particles called “fines”. Fines can create static (which
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can lead to sheeting), cause continuity problens in the reactor,
and foul the cycle gas system

The occurrence of operability problenms mght require a
reactor to be “killed”. A reactor kill (or COkill) is typically
acconpl i shed by the injection of carbon nonoxide into the
reaction cycle gas to either reduce the rate of reaction (a
mnikill) or stop all reaction as quickly as possible.

PE material neeting all applicable product specifications is
referred to as “aimgrade”. PE material that does not neet al
appl i cabl e product specifications is referred to as “off-grade”.
The production of off-grade material was not unusual, and UCC
sold both aimgrade and off-grade resin to third parties but at
different prices. Specific product properties of PE resins
i nclude the average particle size (APS), density (for solid
nmol ded resin), bulk density (for |oose resin powder), film
appearance rating (FAR), hexane extractables (relating to the
stickiness of the resin), nelt flowindex, nelt flowratio (MR
and resin norphol ogy.

The specific properties of the PE products nmade in a UN POL
reactor are determned by a variety of factors, including the
catal yst used and reactor operating conditions. The key reactor
operating conditions that determne the properties of the PE

resin are reactor tenperature, ethylene partial pressure,
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hydr ogen-t o-et hyl ene rati o, conononer ratio, TEA cocatal yst
ratio (Al/Ti), and residence tine.

Star’s reactors nade a variety of PE base resins. UCC
identified base resins using a three-letter prefix followed by a
four-nunber code and either an “H or a “B”. The prefix of al
base resins begins with a “D’, followed by a “J” if UCAT-J is
used as the catalyst or a “G if M1 is used as the catalyst,
followed by an “H, “M, or “L” depending on the nmelt index
range. The four-nunber code identifies the density and nelt
i ndex designation. The final “H or “B” identifies the conononer
as hexene or butene, respectively.

A transition is the period when reactor conditions are
changed from one product’s specifications to a new product’s
specifications. A transition typically takes three to four bed
turnovers to conplete, and each bed turnover |asts about 2 hours.
A bed turnover is the average amount of tinme material stays in
the reactor before flowi ng out of the product stream The resin
made during transitions is either internediate-grade materi al
that can be recycled into aimgrade resin or off-grade materi al
sold for scrap uses such as picnic tables and barrels. Once a
reactor is transitioned into a new product it takes a nunber of
addi tional bed turnovers to “line out” the reactor. Lining out
the reactor involves increasing the production rate back to the

normal |evel after slowng down for the transition and returning
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operation conditions back to their normal steady state. After a
transition fromM1 to UCAT-J, it takes at least 12 hours to line
out the reactor.
2. UCAT-J

In a chem cal reaction, a catalyst is a substance that
increases the rate of the reaction or causes the reaction to
occur under different conditions than otherw se possible.

Pol ymeri zati on cannot occur in a UNIPOL reactor w thout a
catalyst. The catalyst provides the site on which the polyner
chain grows. A PE catal yst “precursor” refers to the catal yst
state before the incorporation of alum num al kyl catal yst
nmodi f yi ng agents.

From Star’s startup in 1981 through the begi nning of the
UCAT-J runs at Star in 1992, Reactor 1 and Reactor 2 at the LP-3
unit operated exclusively on a catalyst called M1. UCC
continued to use M1 at Star during the credit years during
normal production runs occurring between UCAT-J runs. Despite
its extensive experience using M1, UCC occasionally experienced
operability and continuity problenms with M1, particularly
sheet i ng.

UCC devel oped UCAT-J as a superior catalyst alternative to
M 1. The primary advantage of UCAT-J is that UCAT-J is over four
tinmes nore “active” than M1, neaning that the sanme anount of

catal yst makes over four tinmes as nuch PE resin as can be nade
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with M1. This, in turn, significantly reduces both capital
outl ays for catalyst manufacturing facilities and the cost of
catal ysts used in manufacturing PE. UCAT-J also requires | ess
hydrogen and TEAl than M1, thereby reducing manufacturing costs
further, and i nproves sone properties of PE resin such as FAR
However, UCC used about the sane anmount of ethyl ene, hexene, and
but ene regardl ess of whether it used M1 or UCAT-J. Although UCC
had not comercialized UCAT-J during the credit years, UCC knew
of these advantages during the credit years and described themto
its licensees in anticipation of UCAT-J's commerci alizati on.

M1 and UCAT-J are both Ziegler-Natta catal ysts, a general
category of PE catalysts nmade froma transition netal such as
titaniumand requiring a cocatalyst to initiate polynerization.
Both catal ysts are based on a chem cal solution of magnesi um
chloride, titaniumtrichloride, and tetrahydrofuran, although the
proportions of these materials in M1 and UCAT-J are different.
Most significantly, UCAT-J has a higher titanium]loading and
magnesi umto-titaniumratio than M1, both of which give UCAT-J
superior activity. Both M1 and UCAT-J use titaniumto provide
the catal yst active site and TEAl as the co-catal yst.

To create M1, a chemical solution is added to snall
particles of treated silica, which absorb the solution. Most of
the tetrahydrofuran is then evaporated to produce a free-flow ng

solid, which is the M1 precursor. The M1 precursor is then
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reduced with alum num al kyls, diethylalum num chl ori de (DEAC) and
tri-n-hexylal um num (TnHAI'), to produce the M1 catal yst.
Cat al yst reduction refers to the treatnent of the catal yst
precursor with alum num al kyl nodifying agents to noderate
catal yst activity and ensure acceptabl e product properties such
as bulk density and particle size. The alum num al kyl reduction
agents used for both M1 and UCAT-J were DEAC and TnHAI. In its
final form M1 is a dry powder resenbling sand.

UCAT-J is spray dried instead of being silica based. The
chem cal solution is transformed into a fine droplet spray in a
spray dryer. As these droplets pass through a drying chanber,
the tetrahydrofuran evaporates, |eaving only the solid catalyst.
The catalyst is then added to mneral oil to create a slurry (a
m xture of liquid and insoluble solids) of UCAT-J precursor. The
UCAT-J precursor is then reduced with alum num al kyls. Al though
Star made its owmn M1 catal yst precursor, UCC nade UCAT-J
precursor at a separate catal yst manufacturing facility in South
Charl eston and shipped it to Star.

Because of the different nethods by which they are nade, M1
and UCAT-J have different “catal yst norphol ogy’”, a termused to
describe the size, shape, and surface texture of a catalyst
particle. M1 catalyst particles have a substantially |arger APS
than those of UCAT-J. M1 particles are typically rounder and

snoot her than UCAT-J particles. UCAT-J's norphol ogy creates sone
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probl ens that were not present with M1, particularly increased
fines and resin flowablity problenms. These problens created
operating uncertainties that had not been resolved by the
begi nni ng of 1994. UCAT-J and M1 also respond differently to
ot her chem cals present during polynerization, respond
differently to reactor conditions, and create differences in PE
product properties.

M1 precursor is reduced in the catal yst manufacturing unit
before the catalyst is delivered for use in the reactor. UCAT-J
precursor, in contrast, requires “in-line” catalyst reduction,
meani ng that the DEAC and TnHAI nodi fying agents are injected
into the catalyst streamimedi ately before it is fed into the
UNI POL reactor.

Before the first UCAT-J run at Star, which occurred in My
1992, UCC installed new equi pnment at Star to allow the in-1line
reduction of UCAT-J precursor. The in-line precursor
nodi fication systemwas a new unit operation installed
specifically for use with UCAT-J. In this system UCAT-J
precursor was placed into a slurry feed tank, agitated to
mai nt ai n good di spersion, and punped at a controlled rate. DEAC
and TnHAl were punped into the catalyst streamat a specific
ratio to the catalyst feed. Followng the injection of the

al um num al kyl s, the precursor flowed into a static mxer to
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ensure adequate contacting and then into a residence tine pot to
provide tinme for the in-line nodification to occur.

The UCAT-J in-line reduction system presented several
operating uncertainties not present with M1. Wen the system
was first used, it created catal yst consistency problemthat were
due in part to the absence of static mxers and in part to the
fact that the original design contacted the UCAT-J precursor with
DEAC first and then with TnHAl, as was customary with M1. UCC
| ater discovered that consistency inproved when the order was
reversed. UCC also had difficulty controlling flow rates,
keepi ng control consistent and accurate, and injecting UCAT-J
because a slurry does not disburse as easily as a dry catal yst
like M1. These uncertainties were not resolved by 1994.

3. Overview of the UCAT-J Project

The UCAT-J commrerci alization programinvol ved the
devel opnent of UCAT-J to the point where it could be
commercialized. UCC s UNPOL |icensing business wanted to
commercialize UCAT-J in order to: (1) Derive revenues from
selling UCAT-J to existing UNIPOL |icensees; (2) be able to tout
the superior qualifies of UCAT-J to prospective UNIPOL |icensees;
(3) avoid the capital costs associated with constructing plants
to manufacture the | ess-productive M1 catalyst; and (4) reduce
Star’s manufacturing costs as a result of UCAT-J' s superior

productivity. The UCAT-J conmercialization programtook place at
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Star from 1992 to 1996. References to the “UCAT-J project” are
only to those runs that occurred during the credit years.

Once UCC made the decision to conmercialize UCAT-J, nenbers
from process R&D, product R&D, and catal yst R&D fornmed an
interdisciplinary UCAT-J technol ogy task force. The nmenbers net
monthly or binmonthly, usually in person, to review the status of
the comrercialization effort and devel op strategies for
overcom ng problenms with UCAT-J inplenentation

During 1993 through 1995 UCC s process R&D group conducted
what it called “experinental runs” of UCAT-J on a snall-scale
UNI POL reactor at a pilot plant at the South Charl eston technical
center. UCC defined an experinental run as a run of a product
t hat UCC deenmed noncommercial . During the credit years UCC s
manuf acturi ng business required that a comrercial facility
conduct at |east two, but preferably three, objective-neeting
experinmental runs of new PE products, including products nmade
with a new catal yst, for the products to be consi dered
commercial. The successful conpletion of two to three objective-
nmeeting runs woul d denonstrate the operability of a new
technol ogy to the satisfaction of the UNI POL R&D and
manuf acturing organi zations. A custoner’s qualification of a PE

resin depended on an independent inquiry related to the

W use the term “experinental run” for conveni ence and
consi stency with UCC s term nol ogy.
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suitability of the product produced and did not establish that

t he product could be produced consistently enough to be

consi dered commercial. UCC was not required to advise custoners
that they were receiving base resins produced with UCAT-J unl ess
a specific contractual termrequired such a disclosure.

The South Charleston pilot plant’s UNI POL reactors were used
strictly for R& purposes, and one reactor was dedi cated to UCAT-
J. UCC ran UCAT-J on the pilot plant reactor to eval uate
catal yst performance, estimate optinmal operating conditions for
the comercial reactors, and nmake PE resin for evaluation by the
product R&D group in Bound Brook. After experinenting with new
technol ogies on the pilot plant, UCC generally experinmented with
the technologies on its md-size UNIPOL reactors at Seadrift
before experinmenting with the technol ogy on the | arger reactors
at Star. However, UCC took sone UCAT-J products fromthe pil ot
plant directly to Star or did not test themon snaller reactors
at all.

Successful commercialization of UCAT-J required UCC to
conduct experinental runs at UCC s commercial plants to eval uate
whet her UCAT-J could be used with reactor operability and resin
properties at |east equivalent to, and hopefully better than,

t hose achieved using M1. Wile UCC was often able to achieve at
| east the sane | evel of reactor operability and continuity using

UCAT-J as it had achieved with M1 at pilot plants, comercial -



- 73 -
scale plant tests were al so necessary because there were
significant differences between the pilot plants and conmerci al
reactors. For exanple, the bed volune of Star’s commerci al
reactors was about 825 tines the size of the bed volune of the
pilot plant reactor. Because of this difference, UCC s pil ot
pl ant and commercial reactors use different nethods of
fluidization. These differences affect the ambunt of sheeting
and static in a reactor. Accordingly, a successful run at the
pilot plant did not indicate that sheeting and static would not
cause significant problens when a simlar run was conducted at a
commerci al pl ant.

The first comrercial -scale run using UCAT-J was conducted on
UCC s snmal |l est commerci al -scal e reactor, the G 1750 reactor at
Seadrift, in 1991. UCC continued the UCAT-J conmerci alization
programat Star until 1996. UCC did not consider UCAT-J fully
comercial before the program was conpl et ed because UCC did not
know with certainty how UCAT-J woul d affect reactor operability
and continuity, howit would affect product quality and how nuch
of f-grade material it would produce, whether there would be
probl ens feeding the catalyst into the reactor, and howit would
respond to COkills. UCC was al so concerned about reactor feed
stability, fines creation, production rate control, resin
properties, sheeting, and aggloneration. Such reactor

operability and continuity issues could develop at any tine



- 74 -

during an experinental run, so process R&D representatives
remai ned on site for the duration of the runs, even after the
reactor had been successfully transitioned into UCAT-J. Process
R&D preferred | onger experinental runs because they afforded nore
opportunities to evaluate reactor operability and continuity.

UCAT-J experinental runs were initiated by the conpletion of
an experinental run request by the appropriate business nanager,
R&D group | eader, inventory planning and control (1PAC) manager,
and pl ant departnent head. |PAC controlled the scheduling of the
experinmental runs and the duration of each run. Wen scheduling
the runs, | PAC considered existing custonmer orders and the risks
posed by experinental runs so that the experinental runs would
fit UCC s commercial requirenents. Once an experinental run
request was conpl eted and the experinental run was schedul ed,
representatives fromprocess R& in South Charl eston would
prepare a strategic run plan with input fromthe UCAT-J
technol ogy task force. The principal purpose of a strategic run
plan was to communicate to all interested parties the run
obj ectives, key operating paraneters, analytical requirenents,
and run coverage. After receiving the strategic run plan, a Star
engi neer woul d prepare a tactical run plan. The purpose of the
tactical run plan was to give detailed run instructions to the
pl ant operators responsi ble for reactor operation. Strategic run

pl ans and tactical run plans were not prepared for routine
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commerci al production runs. The operations inprovenent group
woul d al so conplete a “New Product Introduction/ Commercialization
Procedure Checklist” show ng whether all required docunentation
was in place.

The function of process R&D representatives during
experinmental runs was to eval uate what was happening in the
reactor, identify problens, create hypotheses for how to solve
those issues or inprove the process, and test those hypot heses by
conducting experinments. Process R& representatives conducted
experinments by adjusting operating ratios, nodifying catalyst
properties, and introduci ng new reactor control technol ogies.
Process R&D generally did not address m nor problens that could
be sol ved by troubl eshooti ng, which were addressed by the
production group at the plant.

During the UCAT-J project process R& regularly collected
vari ous neasurenents of reactor operability and continuity and
product properties. Wile many of these neasurenents were
col l ected during nonexperinental runs, process R&D
representatives collected sone data that were not normally
col |l ected and took other neasurenents nore frequently than they
normal Iy woul d. For exanple, process R&D neasured residual
al um num and titaniumto nonitor for TEAl starvation during the
UCAT-J project but did not nornmally take these neasurenents.

TEAI starvation occurs when there is an inadequate anount of TEA
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cocatalyst in the reactor. This |owers hydrogen and conononer
response and catal yst productivity, which cause a |oss of control
over the reactor and product properties. Process R& al so
measur ed hexane extractables nore frequently than normal during
the UCAT-J project. The process R&D representatives recorded
their observations in R& notebooks. At |east every other day
process R&D sent an e-nmail update to the nenbers of the UCAT-J
technol ogy task force and UCC s managenent. This was not done
for normal commercial production runs. Process R&D
representatives were also called upon to address significant
production problenms with products nade using the M1 catal yst
during the credit years.

Representatives fromcatal yst R& and product R&D, both
based i n Bound Brook, were avail able as needed. Sanples of PE
resins made during UCAT-J experinmental runs were shipped to the
product R&D group for testing to ensure that the resin was
equi valent to or better than that nade with M1. Any renaining
ai mgrade resin nmade during the experinental runs was sold to
UCC s custoners. Product R&D did not provide coverage or test
resin sanples for routine commercial production runs with M1

The run team conprising representatives from process R&D
and Star’s managenent and operations staff, net before each run
to discuss the run objectives and transition into UCAT-J. The

run teamal so net regularly during the course of the UCAT-J runs
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to assess the status of the run objectives and devel op strategies
for resolving any operating problens that had surfaced. At the
end of each run the run teamnmet to discuss the extent to which
the run objectives had been net. The run team presented these
findings at neetings of the UCAT-J technol ogy task force. In
addition, process R&D representatives prepared a run notebook for
each run containing the strategic run plan, the tactical run
pl an, the R&D nonthly report description of the run, the
presentation to the UCAT-J technol ogy task force, e-mails and
ot her communi cations regarding the run, and | ab data. Process
R&D al so described the UCAT-J runs in nonthly reports issued by
the process R&D group, but these reports did not provide
techni cal details concerning the runs. Process R&D did not
general ly nmention normal production runs in these reports.

4. Experimental Runs Before the Credit Years

UCC conducted ni ne UCAT-J run canpai gns on reactor 2 at Star
from May 1992 to Novenber 1993. The UCAT-J runs conducted at
Star in 1992 and 1993 invol ved only hexene LLDPE fil mresins made
on reactor 2. These were the principal products nmade at Star and
UNI POL |icensee plants and tended to have tighter product
requi renents than nolding resins. At the end of 1993 UCC had
conducted no UCAT-J runs on reactor 1 or on reactor 2 with either

nmol di ng or butene filmresins.
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About 6 percent of the PE resin UCC nmade at Star in 1993 was
made with UCAT-J. By the end of 1993, UCC had resol ved sone
uncertainties related to UCAT-J such as an issue related to
catal yst particle size. The plant personnel at Star al so gained
experience operating the plants using UCAT-J and were at ease
using UCAT-J and in transitions. Furthernore, a nunber of UCAT-J
runs had produced no of f-grade product.

However, the UCAT-J runs conducted at Star in 1992 and 1993
suffered from nunerous operability problens. Many were
unresol ved as of the end of 1993, including: (1) Gas channeling
(resin becones stagnant and nitrogen is channel ed through the
resin instead of mxing with it, causing inadequate resin
purging); (2) TEAl starvation; (3) sticky stretch LLDPE resins
(resins that agglonerated and did not flow properly); (4)
sheeting; and (5) poor control over product properties such as
melt index, density, and hexane extractabl es caused by
differences in UCAT-J and M1 catal yst norphol ogy. UCC was
confident that many of these issues could be resolved but was
unsure when or how it would be able to resolve them

Fol l owi ng a UCAT-J run canpaign on LLDPE filmresins in
Novenber 1993, a noratoriumwas inposed on further experinenta
runs on filmresins to allow R& to work out various probl ens,

sone related to UCAT-J and others that were general plant
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problens. UCC did not believe that UCAT-J was ready to be
commercialized by the end of 1993.

5. Experimental Runs During the Credit Years

At the beginning of 1994 sone of the major outstanding
i ssues with UCAT-J were: (1) Qbtaining acceptabl e product
properties in fractional nelt index filmresins; (2) resolving
butene fil mbulk density problens; (3) determ ning the cause of
and preventing resin stickiness; (4) establishing operating
paranmeters for UCAT-J filmresins; (5) devel oping UCAT-J for
nmol di ng resins; and (6) ensuring that UCAT-J net operational
requi renents. UCC believed it needed to conduct additional
experinmental runs to resolve these issues.

UCC seeks research credits for the expenses incurred in 19
UCAT-J runs (UCAT-J runs 1 through 19) conducted at Star during
the credit years. The base resins produced, types of resin
produced (lowdensity filmor high-density nolding), start and
end dates of the runs, and pounds of base resin produced
according to UCC s product cost detail reports (PCDs) are

included in the chart bel ow



Al m G ade Of-Gade
Resin Resin
Run Base Start Pr oduced Pr oduced
No. Resin Resin Type Dat e End Date (pounds) (pounds)
1 DIM5265H HDPE Ml di ng 2/ 16/ 94 2/ 17/ 94 958, 968 -
2 DIM 1810B LLDPE Film 10/ 22/ 94 10/ 26/ 94 4,832,092 771, 350
3 DIM1732H LLDPE Film 11/ 14/ 94 11/ 15/ 94 1188, 068 21,162, 650
4 DIM2419H LLDPE Film 12/ 11/ 94 12/ 13/ 94 1,632,872 765, 700
5 DIM1810H LLDPE Film 12/ 13/ 94 12/ 17/ 94 5, 254, 885 455, 700
6 DIM2016H LLDPE Film 12/ 17/ 94 12/ 18/ 94 703, 691 -
7 DIM1725H LLDPE Film 12/ 18/ 94 12/ 18/ 94 8731, 842 4137, 100
8 DJL-5264H HDPE Mol di ng 1/ 26/ 95 1/ 27/ 95 6, 135, 634 797, 750
9 DJL-5280H HDPE Mol di ng 1/ 27/ 95 1/ 28/ 95 1, 864, 465 -
10 DJH 2580H LLDPE Film 3/ 3/ 95 3/ 6/ 95 2,601, 861 578, 450
11 DIJM 1810B LLDPE Film 3/ 4/ 95 3/ 13/ 95 8,707,791 1, 058, 450
12 DJH 2950H LLDPE Film 3/ 6/ 95 3/ 6/ 95 132, 324 148, 750
13 DJL-5420H HDPE Mol ding 3/25/95 3/ 26/ 95 696, 181 -
14 DJL-5143H HDPE Mbl di ng 3/ 26/ 95 3/ 27/ 95 1, 006, 947 -
15 DIM1732H LLDPE Film 5/ 16/ 95 5/ 22/ 95 %4,091, 446 62, 430, 700
16 DIM1725H LLDPE Film 5/ 22/ 95 5/ 26/ 95 3,653, 813 966, 350
17 DIM1720H LLDPE Film 5/ 26/ 95 5/ 27/ 95 886, 625 520, 100
19 DJL-5280H HDPE Mbl di ng 6/ 22/ 95 6/ 23/ 95 ®
Thi s anmbunt was found on a PCD for DIM 1734H. UCC coul d

not find a PCD for

DIM1732H, so it used the PCD for a siml ar

pr oduct .

2Thi s anpbunt was found on a PCD for DIM 1734H. UCC coul d
not find a PCD for DOM1732H, so it used the PCD for a simlar
pr oduct .

3Thi s anpunt includes base resin produced during both run
and anot her experimental run that took place in Novenber 1994.

“Thi s anpbunt includes base resin produced during both run
and anot her experimental run that took place in Novenber 1994.

°Thi s anpbunt was found on a PCD for DIM 1734H. UCC coul d
not find a PCD for DOM1732H, so it used the PCD for a simlar
pr oduct .
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5Thi s anbunt was found on a PCD for DIM 1734H. UCC coul d
not find a PCD for DOM 1732H, so it used the PCD for a simlar
pr oduct .

The resin that petitioner clains UCC produced during run 18
is included in the anmount of resin petitioner clainms UCC produced
during run 8.

8The resin that petitioner clainms UCC produced during run 19
is included in the amount of resin petitioner clainms UCC produced
during run 9.

a. DIM5265H (UCAT-J Run 1)

UCAT-J run 1 was the first UCAT-J run at Star with a nol ding
resin and the first UCAT-J run conducted on reactor 1. The base
resin, DIM 5265H, was selected to be the first nolding resin nmade
with UCAT-J at Star because it was a basic cornerstone product
that Star nmade in large quantities and UCC considered it to be a
| ow-risk product. UCC had nmade ai mgrade DIM 5265H at the pil ot
pl ant using UCAT-J and found UCAT-J to be equivalent to M1 with
respect to operability and continuity on that scale.

Bef ore UCAT-J run 1, two short runs of DIJM 5265H had been
conducted at the UNIPCL facility of a |licensee, Hanwa Chem cal
Corp. (Hanwa), in Korea. While the runs at Hanwa were generally
successful, they lasted only a few days, and the second run was
aborted when the second transition failed. These results were of
l[imted value to UCC because Hanwa' s reactors were different from
Star’s reactors. Hanwa’s reactors were just over half the size
of Star’s reactors and so were | ess prone to static.

Furthernore, Hanwa's reactors had a purification systemfor raw

materials that was considerably better than UCC s purification
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system As a result, Hanwa' s reactor feed was nuch cl eaner than
UCC s and the catal yst had better productivity.

The objectives of UCAT-J run 1 were to: (1) Successfully
scal e up production (adjust production to take into account the
differences in reactor size) of DIM5265H fromthe South
Charl eston pilot plant to reactor 1; (2) produce aimgrade resin
for customer qualification; and (3) establish reactor operability
and continuity on reactor 1. As to the third objective, UCC was
not nmerely confirmng that reactor operability and continuity
were as expected. UCC wanted to evaluate how well reactor 1
wor ked wi th UCAT-J.

UCC s primary concerns before UCAT-J run 1 were that: (1)
The differences between the pilot plant and reactor 1 at Star
coul d cause the product to go off grade; (2) TEAl starvation
coul d cause operability and continuity problens; (3) difficulties
wth COkills could occur if any kills were necessary; and (4)
resin clunpiness could cause operability and continuity probl ens.

As wth all of the UCAT-J runs discussed bel ow (alt hough not
specifically nmentioned below for brevity), representatives from
process R&D and product R&D provi ded coverage for UCAT-J run 1
and process R&D coll ected data, sone of which were not normally
collected or was not normally collected as frequently.

Addi tionally, sanples of resin were collected during and
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followng the run and were sent to product R&D in Bound Brook for
eval uati on.

UCAT-J run 1 was aborted after 17 hours because of sheeting
caused by the use of M1 before the transition to UCAT-J and the
formati on of a spongy material that resenbled Styrofoam UCC
anal yzed the spongy material and determ ned that it fornmed
because of the use of UCAT-J. But because the sheeting was
caused by M1, UCC was unable to determ ne the extent to which
the use of UCAT-J contributed to the shutdown.

UCC al so di scovered a discrepancy between the Ti/A ratio
calculated by flowrate and the neasured Ti/A ratio that
correlated wwth catalyst feed rate. UCC was unable to explain
this di screpancy and was concerned about TEAl starvation. UCC
al so di scovered nore fines than expected.

UCAT-J run 1 did not last |ong enough for UCC to draw any
conclusions fromthe run. 1t remained uncertain follow ng the
run whet her UCAT-J could be used on reactor 1 with operability,
continuity, and resin properties equivalent to those achievable
with M1, Because of the formation of the spongy material, TEA
starvation concerns, and increased fines, UCC had serious doubts
as to its ability to nmake further product. Therefore, it did not
attenpt to nmake another nolding resin run again until 1995,

According to a PCD for DIM 5265H, UCC produced 958, 968

pounds of aimgrade base resin for custoner evaluation during
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UCAT-J run 1. Petitioner clains as QREs costs associated with
produci ng 960, 150 pounds of ai m grade base resin during UCAT-J
run 1.

b. DIM1810B (UCAT-J Runs 2 and 11)

UCAT-J run 2 was the first UCAT-J run conducted at Star
usi ng butene, as opposed to hexene, as the conmononer. UCC wanted
its plant operators to gain production experience using butene
conononers in anticipation of the startup of LP-6. There had
been successful runs of DIM 1810B at Seadrift, the pilot plant,
and a licensee’'s facility, which encouraged UCC to believe that
it would be able to use butene as a conononer at Star. However,
process R&D had encountered significant difficulties producing
butene filmresins using UCAT-J with acceptable bul k density
because of particle norphol ogy differences between UCAT-J and
M 1.

The principal objective for UCAT-J run 2 was to successfully
scal e up UCAT-J on the butene filmresin fromthe pilot plant to
Star. A successful scale-up would require that the run: (1)
Denonstrate operability using UCAT-J equival ent to that

achi evabl e using M1; (2) reach aimgrade production within a

As di scussed bel ow, PCDs were produced nonthly and
annual ly, not for specific projects. However, no base resin
produced with UCAT-J was nmade in nore than one run in any given
month during the credit years. Accordingly, the PCD for the
month in which a UCAT-J run occurred woul d include information
only for that particular run.
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specified period; (3) produce no significant off-grade nateri al
once the transition was conplete; and (4) produce resin with
acceptabl e bul k density. UCC was uncertain before the run
whet her any of these requirenments would be nmet or whether the
scal e-up woul d be successful. UCC also hoped to produce 10 to 12
mllion pounds of aimgrade resin to sell to custoners during
UCAT-J run 2.

To achi eve acceptabl e bul k density, process R&D planned to
change the catal yst reduction ratios and increase the anount of
i sopentane in the reactor during the run. Process R&D regarded
bot h changes as experinental and was uncertain whether they would
i nprove bul k density w thout adversely affecting reactor
productivity.

Addi tional objectives of UCAT-J run 2 were to denonstrate a
cl osed reactor restart with UCAT-J followng a COkill on M1 and
to denonstrate the ability to kill the reactor while it contained
UCAT-J. UCC had never attenpted a closed reactor restart at Star
wi th UCAT-J. UCC had had sone experience with CO kills using
UCAT-J, but the results had been m xed. |In particular, mni-
kills had been much | ess effective when using UCAT-J as conpared
with M1,

UCC was al so concerned about several other risks, including:

(1) TEAl starvation; (2) resin carryover (a negative effect of
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| ow resin APS, which may result from steps taken to inprove bul k
density); and (3) resin clunpiness.

UCAT-J Run 2 began well and net sone of the objectives,
including the first successful reactor startup with UCAT-J, no
significant off-grade material produced, and unexpectedly high
bul k density. However, UCC experienced operating problens a few
days into the run that required the reactor to be shut down and
the run aborted. The nost significant of these problens were
unexpl ai ned production rate swings and the formati on of “cue
bal |l s” of PE resin that were about the size of softballs. UCC
hypot hesi zed that the cause of the cue balls was poor catalyst
di spersion, and accordingly it planned to change the injection
tube for the next run of DIM 1810B to i nprove catal yst di spersion
and determ ne whether that woul d solve the problem

According to a PCD for DIM 1810B, UCC produced 4, 832, 092
pounds of aimgrade and 771, 350 pounds of off-grade base resin
during UCAT-J run 2. Petitioner clainms as QREsS costs associ ated
w t h produci ng 4, 954, 150 pounds of ai mgrade and 771, 350 pounds
of off-grade base resin during UCAT-J run 2.

UCAT-J run 11 was the second run of DIJM 1810B. UCC s
primary objective was to nake DIM 1810B wi t hout the problens
experienced in UCAT-J run 2.

UCAT-J run 11 lasted from March 4 to 13, 1995, the | ongest

run for a single product during the UCAT-J project. A long run
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is usually evidence that the run was successful. However, the
transition to DIJM 1810B was unusually long and difficult, and a
significant anount of off-grade resin was produced. Once UCAT-J
was introduced into the reactor, the resin bulk density
unexpectedly dropped significantly, causing the product purge bin
to plug. This resulted in significant off-grade material and
required the production rate to be lowered. UCC did not
anticipate the bul k density probl em because UCAT-J run 2 produced
resin with unexpectedly high bulk density. There were also
problenms with catal yst stability, sheeting, poor hydrogen
control, and nelt index swings. These problens were all specific
to UCAT-J and were not anticipated before the run.

Because of the bulk density and operability problens, UCC
decided to return the testing of DIM 1810B to Seadrift. Wile
UCAT-J run 11 provi ded val uabl e operating data, it did not
establish that reactor 1 at Star coul d produce UCAT-J butene
LLDPE filmresins with operability and continuity equivalent to
t hat achi eved using M 1.

According to a PCD for DIJIM 1810B, UCC produced 8, 707, 791
pounds of aimgrade and 1, 058, 450 pounds of off-grade base resin
during UCAT-J run 11. Petitioner clains as QREs costs associ ated
wi th producing 8,941, 350 pounds of ai mgrade and 1, 058, 450 pounds

of off-grade base resin during UCAT-J run 11
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c. DIM1732H (UCAT-J Runs 3 and 15)

UCAT-J run 3 produced DIM 1732H, a |owdensity, high-nelt-

i ndex LLDPE filmresin. UCAT-J run 3 was the first UCAT-J
experinmental run of an LLDPE filmresin with a hexene conononer
conducted at Star since Novenber 1993. UCC experienced so many
probl enms during the Novenmber 1993 run and the run had such a
negati ve inpact on manufacturing that R& wanted to do nore work
on smaller reactors before attenpting the run again at Star. UCC
had conducted runs of DIM 1732H at Star in January and March 1993
for 1 day each, but these runs were too short to establish that
the process could be used with sufficient operability and
continuity.

The objectives of UCAT-J run 3 were to: (1) Produce
sufficient product for custonmer qualification; (2) run reactor 2
at normal Star rates with operability and continuity equival ent
to or better than M1; (3) reach aimgrade production within a
specified period; and (4) produce no significant off-grade
material. UCC was uncertain whether any of these objectives
coul d be net or whether the run woul d be successful.

Because | owdensity, high-nelt-index LLDPE filmresin is
sticky by design, resin flowability was a primary concern before
UCAT-J run 3. UCC was al so concerned about: (1) TEA
starvation; (2) resin carryover; (3) difficulties with COKkills,

if they were necessary; and (4) resin clunpiness. Resin



- 89 -
cl unpi ness had al so been a probl em when using M1 to make DIM
1732H but tended to be worse with UCAT-J.

UCAT-J run 3 had several successes: (1) UCC was able to use
COmni-kills, which produced a rapid and significant effect; (2)
no fines were produced; and (3) a hopper car of resin was
produced. However, the run as a whole was considered a failure
and several problens occurred: (1) There was extensive formation
of clunpy resin that plugged the product purge bin; (2) there was
poor nelt index control; and (3) there was TEAl starvation in the
reactor. Process R&D eval uated these problens, identified their
potential causes, and devel oped possible solutions for future
runs. UCC determ ned that the next run m ght be nore successful
if it: (1) Lowered the ethylene partial pressure in the reactor
to reduce the anmpbunt of hexane; (2) controlled the cycle gas
conposition and flow ratio; and (3) doubled the TEAl feed into
the reactor for 20 m nutes (known as giving the reactor a “TEA
shot”) periodically even if starvation was not expected and nore
frequently during upset conditions. UCAT-J run 3 did not
establish that UCAT-J could be used with operability and
continuity equivalent to that achieved using M1.

According to a PCD for DIM 1734H, not DIJM 1732H, UCC
produced 188, 068 pounds of ai mgrade and 1, 162, 650 pounds of off-
grade DIM 1734H in 1994. No PCD was avail able for DIM 1723H for

1994. Petitioner clains as QREs costs associated with producing
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188, 850 pounds of aimgrade and 1,162, 650 pounds of off-grade
base resin during UCAT-J run 3. However, other postrun
docunent ation indicates that UCC produced 743,987 pounds of aim
grade base resin during UCAT-J run 3.

In addition to the objectives stated for UCAT-J run 3, a
goal of UCAT-J run 15, the next run of DIM 1732H, was to
i npl emrent neasures devel oped by process R&D to control resin
stickiness and TEAl |levels and to denonstrate acceptable
operability and continuity using UCAT-J in reactor 2. To control
resin stickiness, process R& recomrended that ethylene parti al
pressure be | owered bel ow 90 psi, which had never been done
before at Star with UCAT-J. This change to reactor conditions
was consi dered experinmental and had two drawbacks: (1) Lowering
the ethylene partial pressure could |lower the productivity of the
catal yst, which would | ower resin APS and increase fines, causing
fouling; and (2) if the reactor transitioned back to M1, it
woul d be necessary to increase the ethylene partial pressure by a
greater amobunt. UCC al so planned to give the reactor periodic
TEAI shots to mnimze TEA starvation, which UCC began using in
run 4 (discussed below). However, UCC was unsure whether these
steps woul d be successful.

UCC hoped to produce 23 hopper cars of DIM 1732H for
custoner qualification and consunption. Oher run objectives

were to: (1) Run reactor 2 at normal production rates; (2) reach
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ai mgrade production within a specified period; and (3) produce
no significant off-grade material.

UCAT-J run 15 was general ly successful. UCC was able to
control resin stickiness by lowering the ethylene parti al
pressure, and UCC was able to maintain good catal yst productivity
even though it is nore difficult to maintain at |ow ethyl ene
partial pressure. Overall, operability and continuity were good
t hroughout the run. However, while flowability inproved, it was
still slightly worse than flowability that had been achi eved
using M1. Furthernore, there was sone TEAl starvation due to
the TEAl feed system though |ess than had occurred during
previous runs. Therefore, the information gained was valuable to
UCC but process R& still had sone concerns.

A PCD for DIM 1734H, not DIM 1732H, shows that UCC produced
4,091, 446 pounds of aimgrade DIM 1734H in 1995. No PCD was
avai l able for DOM1732H for 1995. Petitioner clained as QREs
costs associated with producing 4, 108, 850 pounds of ai mgrade and
2,430, 700 pounds of off-grade base resin during UCAT-J run 15.

d. DIM 2419H, DJM 1810H, and DJM 2016H ( UCAT-J
Runs 4 Thr ough 6)

UCAT-J runs 4 through 6 were all runs of hexene LLDPE film
resins. Wth the exception of DIM 1810H (UCAT-J run 5), which
had been used as an experinental bed resin for various types of
reactor testing, Star had limted experience with the UCAT-J

resins to be made in these runs.
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UCC desi gned UCAT-J run 4 to make DIM 2419H, whi ch UCC had
previously made at Star only during a 1-day run in 1993. UCC
produced approxi mately 600, 000 pounds of DIM 2419H in 1993 and
UCC s custoners had accepted DIM 2419H nade w t h UCAT- J.

However, UCC was still uncertain whether it would be able to
produce DIM 2419H at Star consistently wth satisfactory
operability.

UCC desi gned UCAT-J run 5 to make DIM 1810H.  UCC had used
DIM 1810H as an experinental bed resin and had produced it in 11
runs at Star during 1992 and 1993. UCC experienced significant
probl enms during the earlier runs. During the later runs UCC used
DIM 1810H as an experinental bed for catal yst reduction tests,
order of reduction tests, and simlar tests. UCC nmade about 170
hopper cars of DIM 1810H in 1993. DJM 1810H produced w th UCAT-J
had al ready been accepted by custoners. However, UCC still
consi dered DIM 1810H to be an experinental resin at this point,
primarily because it had flowability problens.

UCC desi gned UCAT-J run 6 to produce DIM 2016H, which UCC
had never nmade at Star. However, UCC had produced DIJM 2016H at
other plants during earlier experinental runs and custoners had
qualified resin produced during those runs. UCC expected results
simlar to those that had been obtained during runs of DIJM 1810H

(UCAT-J run 5).
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The overarching goal of these runs was to denonstrate
sustai ned operability of UCAT-J with hexene LLDPE filmresins.
The specific run objectives listed on the strategic run plan were
to: (1) Produce sufficient product for custoner qualification;
(2) further commrercial experience through the extended production
run of DIM 2419H (UCAT-J run 4) and DIJM 1810H (UCAT-J run 5)
(among other runs not clainmed); (3) run reactor 2 at normal Star
rates wwth operability equivalent to that achieved using M1; (4)
reach ai mgrade production within a specified period; and (5)
produce no significant off-grade material outside product
transitions.

In response to a recommendati on made at the UCAT-J
technol ogy task force neeting follow ng UCAT-J run 3, UCC deci ded
to run reactor 2 at a lower than normal ethylene partial pressure
during UCAT-J runs 4 through 6 to inprove resin flowability. UCC
considered this change to be an experinent because it was
uncertai n whet her the change woul d successfully elimnate
flowability problens and there was a risk that the change could
significantly reduce catal yst productivity. UCC also decided to
use production rate control, which is an automated systemto
control the catalyst feed rate and the ethylene partial pressure
in the reactor. The goal of this systemwas to maxi m ze
production rate by allow ng production rate to run closer to the

constraints of the reactor system
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Because of the problens with TEAl starvation in UCAT-J run
3, UCC decided to experinment with TEAl shots during UCAT-J runs 4
through 6. However, UCC was concerned that increasing the Ti/A
ratio woul d al so i ncrease hexane extractabl es.

In addition to TEAl starvation, UCC identified several other
risks related to UCAT-J runs 4 through 6: (1) Resin carryover;
(2) difficulties with COkills, if they were necessary; and (3)
resin clunpiness.

Process R&D representatives evaluated the ethylene parti al
pressure and TEAl shot experinents during UCAT-J runs 4 through 6
in addition to the support that R&D provided to all of the UCAT-J
runs.

UCAT-J runs 4 through 6 were generally successful. Reducing
the ethylene partial pressure and using production rate control
reduced the stickiness problemand giving the reactor TEAl shots
reduced TEAI starvation. UCC viewed this as a substanti al
achi evenent. The only significant problemwas a decrease in FAR
whi ch occurs when there are gels or foreign matter in the film
UCC t ook sanples of the resin to try to determne the potenti al
causes and solutions for the decreased FAR  UCC hypot hesi zed
that the decrease in FAR was caused by the use of wet hexene.

Process R&D concl uded that it had gai ned confidence that
Star could produce DIM 1810H (UCAT-J run 5) and DIJM 2016H ( UCAT-J

run 6) with sufficient operability and continuity. However, UCC
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bel i eved that additional experinments were necessary to reach this
conclusion with respect to DIM 2419H (UCAT-J run 4).

According to a PCD for DIM 2419H, UCC produced 1, 632,872
pounds of aimgrade and 765, 700 pounds of off-grade base resin
during UCAT-J run 4. Petitioner clains as QRES costs associ ated
w th producing 1, 640,950 pounds of ai mgrade and 765, 700 pounds
of off-grade base resin during UCAT-J run 4.

According to a PCD for DIM 1810H, UCC produced 5, 254, 885
pounds of ai mgrade and 455, 700 pounds of off-grade base resin
during UCAT-J run 5. Petitioner clainms as QRES costs associ ated
w th producing 5, 270, 050 pounds of ai mgrade and 455, 700 pounds
of off-grade base resin during UCAT-J run 5.

According to a PCD for DIM 2016H, UCC produced 703, 691
pounds of aimgrade base resin during UCAT-J run 6. Petitioner
clains as QREs costs associated with produci ng 704, 600 pounds of
ai m grade base resin during UCAT-J run 6.

e. DIM 1735H (UCAT-J Runs 7 and 16)

UCAT-J run 7 was an experinmental run of DIM 1725H, anot her
hexene LLDPE filmresin that is very sticky and had shown poor
flowability. UCAT-J run 7 began and ended on Decenber 18, 1994.
UCC al so produced DIM 1725H in Novenber 1994, but there were so
many problenms with clunpy resin, nelt index control, and TEA
starvation that UCC did not use that resin for custoner

qualification.
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As in UCAT-J runs 4 through 6, the overarching objective of
UCAT-J run 7 was to denonstrate sustained operability of UCAT-J
with hexene LLDPE filmresins. The specific run objectives were
to: (1) Produce sufficient product for custoner qualification;
(2) run reactor 2 at normal Star rates wth operability
equi valent to that achieved with M1; (3) reach ai mgrade
production within a specified period; and (4) produce no
significant off-grade material outside of product transitions.

UCC i npl enent ed the reconmmendati on of the UCAT-J technol ogy
task force to run reactor 2 at a |lower than normal ethylene
partial pressure to inprove resin flowability. UCC also gave the
reactor TEAl shots to reduce TEAl starvation but was stil
concerned that increasing the TEAl ratio would al so increase
hexane extractables. In addition to the support R&D provided to
all of the UCAT-J runs, process R&D representatives eval uated the
et hyl ene partial pressure and TEAl shots experinents.

UCAT-J run 7 was generally successful. The only significant
probl em was a decrease in FAR caused by gels or foreign matter in
the film which had al so occurred during UCAT-J runs 4 through 6.
UCC t ook sanples of the resin to try to determne the potenti al
causes and solutions for the decreased FAR  UCC believed that
addi ti onal experinments were necessary to gain confidence that it
coul d produce DIM 1725H with sufficient operability and

continuity.
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According to the summary report of the UCAT-J experi nmental
runs conducted at Star, UCC produced 480,461 pounds of aim grade
and 177,821 pounds of off-grade base resin during UCAT-J run 7.
According to a PCD for DIM 1725H, UCC produced 541, 866 pounds of
ai mgrade and zero pounds of off-grade base resin. Petitioner
clains as QREs costs associated with producing 737,200 pounds of
ai mgrade and 137,100 pounds of off-grade base resin, which
i ncludes total production for 1994 (both UCAT-J run 7 and the run
that took place in Novenber 1994).

UCC produced DIM 1725H again in UCAT-J run 16 because UCAT-J
run 7 did not establish that DIM 1725H coul d be made w t hout
continuity problens during |onger runs. TEAl starvation remnained
anot her significant operating issue.

In addition to the objectives for UCAT-J run 7, the goals of
UCAT-J Run 16 were to inplenent neasures devel oped by process R&D
to control resin stickiness and TEAl |levels and to denonstrate
acceptabl e operability and continuity of UCAT-J in reactor 2. As
in UCAT-J run 15, to control resin stickiness process R&
recomended that ethylene partial pressure be | owered bel ow 90
psi. UCC also planned to use periodic TEAl shots to mnim ze
TEAl starvation. However, UCC was unsure whether these steps
woul d be successful.

UCAT-J run 16 was general ly successful. UCC controlled

resin stickiness by lowering the ethylene partial pressure bel ow
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90 psi, and UCC was able to maintain good catal yst productivity.
Overall, operability and continuity were good throughout the run.
However, while flowability inproved, it was still slightly worse
than the flowability that could be achieved using M1.
Furthernore, there was sonme TEAI starvation due to the TEA feed
system though | ess than had occurred during previous runs.
Therefore, the information gai ned was val uable to UCC but process
R&D still had sone concerns.

According to a PCD for DIM 1725H, UCC produced 3, 653, 813
pounds of aimgrade and 966, 350 pounds of off-grade base resin
during UCAT-J run 16. Petitioner clains as QREs costs associ ated
w th produci ng 3, 665, 150 pounds of ai mgrade and 966, 350 pounds
of off-grade base resin during UCAT-J run 16.

f. DJL-5264H and DJL-5280H (UCAT-J Runs 8, 9,
18, and 19

UCAT-J runs 8 (DJL-5264H) and 9 (DJL-5280H) were the next
experinmental runs of HDPE nolding resins after UCAT-J run 1
whi ch UCC aborted before it could draw any neani ngf ul
conclusions. Followi ng UCAT-J run 1, process R& took a year to
eval uate UCAT-J nolding resins in the pilot plant before
conducti ng anot her experinental run at Star. UCC determ ned that
UCAT-J was equivalent to M1 with respect to reactor operability
and continuity when making DIJL-5264H and DJL-5280H at its pil ot
pl ant, but UCC was still uncertain whether UCAT-J woul d perform

as well at Star. UCC had not yet determned that it could make
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DJL-5264H or DJL-5280H consistently on full-scale comrerci al
reactors before UCAT-J runs 8 and 9.

The objectives of UCAT-J runs 8 and 9 were to: (1) Produce
sufficient product for custonmer qualification; (2) run reactor 1
at normal Star rates with operability equivalent to that achieved
using M1; (3) reach aimgrade production within a specified
period; and (4) produce no significant off-grade material.

The primary risks UCC identified for UCAT-J runs 8 and 9
were: (1) TEAl starvation; (2) resin carryover; and (3)
difficulties with COkills, if they were necessary. To reduce
the risk of TEAl starvation, UCC neasured al um num and titanium
during the run and gave the reactor periodic TEAl shots. Since
TEAI starvation had not been a problemwith M1, these
measurenents were not taken during commercial runs using M1
Al though resin carryover was listed as a risk on the strategic
run plan for UCAT-J runs 8 and 9, according to the strategic run
pl an UCC did not actually expect resin carryover to be a problem

UCAT-J runs 8 and 9 were generally successful. Reactor 1
denonstrated acceptable operability and continuity and all other
run objectives were net. There was sonme nelt index variation
(resin in sonme hopper cars had a higher nelt index than the resin
in others), but this was not significant problem Sonme TEA
starvation also occurred, but it did not cause the resin to go

of f grade; and UCC determned that it could nost likely fix the
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probl em by inplenenting a different TEAl system Because UCAT-J
runs 8 and 9 each lasted only 1 day, UCC did not have tinme to
fully evaluate operability and continuity. However, the
i nformati on UCC gai ned was val uabl e, and one or two nore
successful experinental runs would establish to UCC s
satisfaction that the process was ready for commercialization

UCAT-J runs 18 and 19 were the next experinental runs of
DJL-5264H and DJL-5280H. The operability and continuity of
reactor 1 in making these products renai ned uncertain before
these runs, as only a few short HDPE nol ding resin runs had been
conducted up to this point with m xed results.

The primary objectives of UCAT-J run 18 were to operate at
normal Star rates with operability equivalent to that achieved
using M1 and to make a maxi num of 250, 000 pounds of off-grade
materi al .

UCAT-J run 18 yi el ded 825,000 pounds of off-grade material,
whi ch indi cated poor operability, particularly poor control of
the resin properties in the reactor. There were al so probl ens
with the product purge bin, poor flowability, and poor nelt index
control. However, UCAT-J run 19 was generally successful.

According to a PCD for DJL-5264H, UCC produced 6, 135, 634
pounds of aimgrade and 797, 750 pounds of off-grade base resin
during 1995, including both UCAT-J runs 8 and 18. Postrun

docunent ation indicates that UCC produced 933,000 pounds of aim
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grade base resin during run 8 and 5, 313,000 pounds of ai mgrade
and 825, 000 pounds of off-grade base resin during UCAT-J run 18.
Petitioner clains as QREs costs associated wth producing
6, 143, 300 pounds of aimgrade and 797, 750 pounds of off-grade
resin during UCAT-J runs 8 and 18 conbi ned.

According to a PCD for DJL-5280H, UCC produced 1, 864, 465
pounds of aimgrade base resin in 1995, including both UCAT-J
runs 9 and 19. Postrun docunentation indicates that UCC produced
851, 844 pounds and 1, 331, 804 pounds of aimgrade base resin
during UCAT-J runs 9 and 19, respectively. Petitioner clains as
QREs costs associated with producing 1, 750,532 pounds of aim
grade base resin during UCAT-J runs 9 and 19 conbi ned.

g. DJH 2580H and DJH 2950H (UCAT-J Runs 10 and
12)

UCC made DJH 2580H (UCAT-J run 10) in two short runs in 1992

and 1993. The run in 1993 produced about 17 hopper cars of base
resin that custoners accepted. However, the 1992 and 1993 runs
of DJH 2580H presented significant operability problens. DIJH
2950H (UCAT-J run 12) was a difficult product to run and had
never been nmade at Star.

The primary objectives of UCAT-J runs 10 and 12 were to
produce these resins with acceptabl e product properties,
particularly fractional nmelt index, and to denonstrate acceptable

reactor operability and continuity.
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UCAT-J run 10 ran for 3 days and then transitioned to DIJH
2950H (UCAT-J run 12). Significant sheeting problens devel oped
after the transition. The reactor was mni-killed and restarted,
but the sheeting continued and becane worse. As a result,
Reactor 2 had to be shut down so that the sheets could be
physically renoved with a suction truck and chai nsaws. Openi ng
the reactor to renove sheets exposes the reactor to oxygen and
can cause problens in subsequent runs. As a result of the
sheeting, UCC aborted the runs and reactor 2 was restarted with
M 1 because resum ng operation with UCAT-J was considered to be
too risky in the light of UCC s overall business considerations.
However, sone ai mgrade resin was produced during the runs and
was sold to custoners

Process R&D suspected that the sheeting that first devel oped
after the transition to DIH 2950H (UCAT-J run 12) was due to the
hi gh nol ecul ar wei ght of the DIH 2950H resin, and the sheeting
t hat devel oped after the mni-kill was due to static. Because of
the significant sheeting problenms experienced during these runs,
process R&D noved testing of DIH 2580H and DJH 2950 to Seadrift
before returning the testing to Star. UCC i nposed a noratorium
restricting fractional nelt index products from operation at
Star.

According to a PCD for DJH 2580H, UCC produced 2,601, 861

pound of ai mgrade and 578, 450 pounds of off-grade base resin
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during UCAT-J run 10. Petitioner clains as QREs costs associ ated
w th producing 2,668,500 pounds of ai mgrade and 578, 450 pounds
of off-grade base resin during UCAT-J run 10.

According to a PCD for DJH 2950H, UCC produced 132, 324
pounds of aimgrade and 148, 750 pounds of off-grade base resin
during UCAT-J run 12. Petitioner clains as QREs costs associ ated
w th produci ng 132,800 pounds of aimgrade and 148, 750 pounds of
of f-grade base resin during UCAT-J run 12.

h. DJL-5420H and DJL-5143H (UCAT-J Runs 13 and
14)

Al t hough UCC had successfully produced high density nol di ng

base resins in the pilot plant using UCAT-J, it had never nade
DJL- 5420H (UCAT-J run 13) or DJL-5143H (UCAT-J run 14) at Star
before these runs.

UCC s objectives for UCAT-J runs 13 and 14 were to: (1)
Produce requested quantities of each resin for custoner
qualification (about four hopper cars for each product); (2) run
reactor 1 at normal Star rates with operability equivalent to
that achieved using M1; (3) reach aimgrade production within a
specified period; and (4) produce no significant off-grade
materi al .

UCC was concerned about the risks of: (1) TEA starvation;
(2) resin carryover; and (3) difficulties with COKkills, if they
were necessary. UCC planned for both of these runs to be short

because of the risk associ ated with UCAT-J.
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Several operability issues occurred during the runs,
particularly mnor sheeting during UCAT-J run 13, cold bands
after the transition to DJL-5143H, and the formati on of spongy
aggl onerates. A cold band is an area where the reactor wall is
cold and it indicates that there is enough static to cause resin
to stick to the walls and create sheeting. The spongy
aggl onerates that fornmed were simlar to the substances that
formed during UCAT-J run 1.

Despite these probl ens, UCC considered the runs to be a
success. However, because these were short runs, UCC woul d need
to continue to evaluate the resins to determ ne whet her
continuity issues would arise on |onger runs.

According to a PCD for DJH 5420H, UCC produced 696, 181
pounds of aimgrade base resin during UCAT-J run 13. Petitioner
clains as QREs costs associated with produci ng 696, 981 pounds of
base resin during UCAT-J run 13.

According to a PCD for DJL-5143H, UCC produced 1, 006, 947
pounds of aimgrade base resin during UCAT-J run 14. Petitioner
clains as QREs costs associated with producing 1,008,181 pounds
of ai mgrade base resin during UCAT-J run 14.

i. DIM1720H (UCAT-J Run 17)

DIM 1720H had never been nmade at Star before UCAT-J run 17.
Two of the goals of this run were to inplenment neasures devel oped

by process R& to control resin stickiness and TEAl |evels (first
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i npl emented in UCAT-J runs 15 and 16, discussed above) and to
denonstrate acceptable operability and continuity of UCAT-J in
reactor 2 with these products. The other run objectives
identified in pre-run docunentation were to: (1) Produce the
requested quantities of resin for custonmer qualification (four
hopper cars); (2) run reactor 2 at normal production rates; (3)
reach ai mgrade production within a specified period; and (4)
produce no significant off-grade material attributable to UCAT-J.

DIM 1720H is an LLDPE resin, which tends to be very sticky
and had shown poor flowability in previous runs. TEAl starvation
remai ned anot her significant operating issue. As in UCAT-J runs

15 and 16, to control resin stickiness process R& recomended

that ethylene partial pressure be | owered below 90 psi. UCC
still considered this change to reactor conditions to be
experinmental. UCC also planned to give the reactor periodic TEA

shots to mnimze TEAl starvation

UCAT-J run 17 was general ly successful. UCC controlled
resin stickiness through ethylene partial pressure, and UCC was
able to maintain good catal yst productivity. Overall,
operability and continuity were good throughout the run.
However, while flowability inproved, it was still slightly worse
than the flowability achieved using M1. Furthernore, there was
some TEAl starvation due to the TEAl feed system though |ess

t han during previous runs. Therefore, the information gai ned was
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val uable to UCC, but process R& still had sone concerns.
Fol |l owi ng UCAT-J runs 16 and 17 UCC planned to i nplenment a new
TEAI feed systemfor all of Star. Utimtely this alleviated the
TEAl starvation issues.

According to a PCD for DIM 1720H, UCC produced 866, 625
pounds of aimgrade and 520, 100 pounds of off-grade base resin
during UCAT-J run 17. Petitioner clains as QREs the costs
associ ated with produci ng 895, 700 pounds of ai mgrade and 520, 800
pounds of off-grade base resin.

[11. dained Costs

One of petitioner’s expert w tnesses, Wendi Hi nojosa, * was
responsi ble for costing the claimprojects. M. H nojosa was
qualified as an expert in the accounting systens and
docunentation used by UCC in the credit years and the base
period. Petitioner clainms as QRES incurred by UCC in connection
with the claimprojects $23, 356,600 for 1994 and $32, 114, 800 for
1995.

A. Cost Docunentation Used

1. PCDs and NMASs

The primary cost accounting records that Ms. Hi nojosa used
to calculate the cost of the supplies used in the claimprojects

were PCDs and material accounting summary reports (MASs). PCDs

®Ms. Hinojosa’'s qualifications are set out in the Opinion
section, bel ow
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and MASs were part of UCC s material accounting systemused to
track variable costs (costs that vary with production) such as
raw materials, catalysts, and other materials used in the
manuf acturing process. UCC used the material accounting system
during both the credit years and the base period. There were no
significant differences in UCC s materi al accounting system and
rel ated docunentation during these two tinefranes.

The PCD was UCC s official cost accounting record for
products that it manufactured. PCDs contained detail ed cost
information for every product that UCC manufactured, including
the materials and quantities used in production. PCDs were
produced nonthly and annually, not for particular projects. The
PCD for any given year consisted of approximtely 3,000 pages.

MASs are inventory control reports containing a transaction
summary for every material UCC manufactured or purchased, each of
whi ch was assigned a uni que product code. Material production
and consunption informati on was contained in both PCDs and MASs.
However, PCDs were organi zed by manufactured product, whereas
MASs were organi zed in nunerical order by product code and |isted
all transactions for each product code by | ocation.

2. CMAlI Data for Ethyl ene Byproducts

Addi ti onal products made during the manufacturing process of

the primary product were listed as byproducts on PCDs. UCC s
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mat eri al accounting systemtreated the cost of byproducts as a
reduction in the cost of the primary product.

Taft’ s hydrocarbons unit nmade several ethyl ene byproducts
such as propyl ene, butadi ene, dripol ene, hydrogen, nethane, and
acetyl ene. Because these byproducts are made fromthe sane
starting materials as ethylene, it is difficult to separately
allocate the supply costs attributable to each byproduct. For
this reason, Ms. Hinojosa used historical 1994 and 1995 nar ket
val ues of ethyl ene byproducts as a proxy for their supply costs.
These mar ket val ues were provided by Chem cal Market Associ ates,
Inc. (CMAI), a |eading petrochem cal industry consulting and
research firm

Ms. Hi nojosa used the byproduct values provided by CVAI to
cal cul ate the supply costs incurred in conducting the UOP GA-155
project on the Aefins-1 unit’s C; colum, which produced
et hyl ene byproducts (such as propyl ene, butadi ene, and dri pol ene)
as opposed to ethylene, which had al ready been separated off in
the G, colum. In addition, Ms. Hi nojosa deducted these
byproduct values from T Taft’s total ethylene production cost, from
whi ch she cal cul ated the supply costs for the Arbco anti coki ng
and sodi um bor ohydride projects. This treatnent of byproducts
avoi ded doubl e-counting the supply costs incurred in conducting

the clai mprojects.
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3. \Wage Information

UCC s accounting systemtracked budgeted and actual period
costs (fixed costs, costs that do not fluctuate wth production)
such as labor. UCC s accounting system generated accounting
records known as account |evels. Account levels are the best
source of information for calcul ating wage costs. However,
account levels were not available for the credit years.
Therefore, for the claimprojects conducted in Taft’s
hydr ocarbons unit (the Ampbco anti coking, spuds, UOP GA-155, and
sodi um bor ohydri de projects), M. H nojosa used the annual
sal aries found on Forns W2, Wage and Tax Statenent, for specific
enpl oyees involved in the projects. For the UCAT-J project, Ms.
Hi noj osa used Star budget reports that provided the total wage
cost during the claimyears and all ocated that cost using the
percent age of PE pounds produced during the UCAT-J runs relative
to Star’s total PE production during the sanme period. WAages
represented 1 percent of the total cost of all of the claim
proj ects.

4. R&D Budgets

Ms. Hinojosa did not refer to budgets prepared by UCC during
the credit years. UCC s hydrocarbons R&D departnment did not
prepare formal budget proposals specific to individual projects,
but it did prepare an overall R&D budget that referenced various

projects that would occur during the year. The R&D budget
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general ly included wages, |aboratory materials, travel, and
extraordi nary expenses. Plant materials were generally included
in the plant budget, not the R&D budget. Accordingly, R&D did
not account for feedstock or fuel when estimating how nmuch of its
budget woul d be all ocated to projects conducted on comrerci al
pl ant s.

B. Costs of the Anpbco Anticoki ng Project

1. Supplies

Ms. Hinojosa cal cul ated the supply costs of the Anpbco
anti coki ng, spuds, and sodi um borohydri de projects on the basis
of the total ethylene manufacturing cost of Taft’s hydrocarbons
unit in 1994 and 1995. Ms. Hinojosa identified the materials as
mat erial quantities used to manufacture ethylene at Taft fromthe
rel evant PCDs and MASs.

In calculating Taft’s total ethylene production cost for
1994 and 1995, Ms. Hi nojosa included only maj or conponents of
supplies that were supported by avail abl e accounting records.
Specifically, Ms. H nojosa included certain materials purchased
fromthird-party vendors and certain internally produced
mat eri al s.

Ms. Hinojosa did not include any general plant utilities
such as electricity, treated water, nitrogen, or conpressed air
in her calculations. However, M. Hi nojosa did include the cost

of the fuel gases (such as natural gas, nethane, and hydrogen)
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used to fire Taft’s ethylene furnaces and the refrigeration used
in the cold section of the ethylene production process. M.
Hi noj osa i ncluded these costs because it was necessary to rapidly
reduce the tenperature of the raw material stream at various
points in the production process in order to maxi m ze the
production of ethylene. To the extent that these costs are
considered utilities, Ms. Hi nojosa considered themto be
extraordinary costs, different fromgeneral plant utilities,
because of the energy-intensive nature of the ethyl ene production
process relative to UCC s other manufacturing units.

Ms. Hi nojosa used the rel evant pages fromthe 1994 and 1995
MASs to calculate UCC s actual per-unit cost for both naterials
purchased fromthird parties and internally produced materi al s.
She nmultiplied these actual unit costs by the quantities used (as
shown on the relevant PCDs and MASs) to derive the total cost of
mat eri als used in manufacturing ethylene at Taft.

UCC was a net ethylene purchaser as it did not produce
sufficient anounts of ethylene to neet the raw materi al
requi renents of its downstream products. UCC nade up the
di fference by purchasing ethylene fromthird-party suppliers.
Accordingly, to determ ne UCC s ethyl ene cost, Ms. Hinojosa
cal cul ated a pool ed ethyl ene price based on the wei ghted average

of Taft’'s ethylene production cost (derived from PCDs and MASs)
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and the price that UCC paid for ethylene supplied by third
parties as reported in a hydrocarbons busi ness report.

After calculating the total cost of nmaterials used to
manuf acture et hyl ene, Ms. Hi nojosa subtracted the cost of
et hyl ene coproducts and byproducts to isolate the supply costs
attributable specifically to ethylene. M. H nojosa obtained the
quantities of coproducts and byproducts fromthe rel evant PCDs
and MASs. As discussed above, the unit costs of the deducted
byproducts were based on historical 1994 and 1995 mar ket val ue
data provi ded by CMNAI.

Usi ng this nethodol ogy, Ms. Hi nojosa determ ned that Taft’s
total ethylene production cost was $96, 947,718 in 1994 and
$97, 479,242 in 1995. M. Hinojosa calculated the supply costs
for the Anmbco anticoking, spuds, and sodi um borohydri de projects
by allocating Taft’s total ethylene production costs in 1994 and
1995 according to (1) the duration of the projects and (2) the
percent age of the production capacity of Taft’s hydrocarbons unit
enpl oyed in the projects. M. H nojosa did not add the cost of
any extraordinary supplies that were purchased specifically for
the claimprojects. If UCC increased the supplies it used during
the projects or altered its production rate while conducting the
projects, these facts are not reflected in Ms. Hi nojosa’s

cal cul ati ons.
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For the Anbco anticoking project, M. Hi nojosa calcul ated
the supply costs by nmultiplying Taft’s average daily ethyl ene
production cost ($265,610 in 1994 and $267,066 in 1995) by (1)
the project duration (30 days in 1994, 173 days in 1995) and (2)
the fraction of the production capacity of Taft’'s hydrocarbons
unit enployed in the project (one-seventeenth). Petitioner
clainms that the Anmpbco anticoking project lasted fromthe start of
the first pretreatnment on Novenber 29, 1994, until a furnace cold
turnaround in md-August of 1995. Petitioner included the
materials cost for producing ethylene in all six (four treated
and two untreated) cracking sets.

To avoi d doubl e-counting of supplies used in conducting both
t he Anbco anti coking project and the sodi um borohydri de project,
Ms. Hinojosa elimnated the supplies used during the 1-week
sodi um bor ohydri de project fromher supply cost cal cul ation for
t he Anbco anti coki ng project.

Ms. Hinojosa cal culated UCC s supply QREs for the Anpbco
anti coki ng project as $468, 723.86 and $2, 717, 793. 54 for 1994 and
1995, respectively.

2. \\ages

For the projects conducted at Taft’s hydrocarbons unit, M.
Hi noj osa determ ned wage rates for the enpl oyees who were
primarily involved in the projects and nultiplied those rates by

the nunmber of hours that the enpl oyees estimated they had worked
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on the project. For the Anbco anticoking project, M. H nojosa
determ ned that M. Hyde, M. Tregre, and M. Corenflo spent 35,
5, and 2 hours working on the project in 1994 and that M. Hyde
spent 10 hours working on the project in 1995 M. Hyde s wage
rate was $21 per hour, M. Tregre’'s wage rate was $20 per hour,
and M. CGorenflo’s wage rate was $19 per hour. Ms. Hi nojosa
derived the wage rates fromthe enployees’ annual salaries,
decreased by estimted overtime and profit-sharing.

Ms. Hinojosa cal cul ated petitioner’s wage QREs for the Anpbco
anticoki ng project as $873 and $210 for 1994 and 1995,
respectively.

C. Costs of the Spuds Project

Petitioner’s clainmed anmount for supplies used during the
spuds project was al so based on UCC s total manufacturing costs
for 1995, which were then prorated between O efins-1 and d efins-
2 according to production capacity. Petitioner clains as QREs
one-seventeenth of its production costs for the 89 days after UCC
changed the spuds on furnace 3. M. Hinojosa cal cul ated as QREs
$1, 188,445.55 for supplies attributable to the spuds project in
1995.

Ms. Hinojosa cal cul ated the wage costs for the spuds project
usi ng the sanme net hodol ogy she used to cal cul ate wage costs for
t he Anbco anti coking project, discussed above. M. Hi nojosa

determ ned that M. Tregre spent 70 hours in 1994 and 10 hours in
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1995 on the project and that M. Gorenflo spent 10 hours in 1995
on the project. M. Hi nojosa calculated as QREs $1,400 and $390
for wages attributable to the spuds project in 1994 and 1995,
respectively.
However, petitioner no longer clainms any QREs attributable
to the spuds project.

D. Costs of the UOP GA-155 Project

1. Supplies
UCC conducted the UOP GA-155 project in the Aefins-1 unit’s

G, col um, downstream of the C, col unm where ethyl ene was
separated fromthe process flow The C; colum processed the

et hyl ene byproducts (propyl ene, butadiene, and dripolene). The
supply costs for the UOP GA- 155 project are based on the cost of
the materials running through the C, colum during the test. M.
Hi noj osa cal culated this cost by nultiplying the CMAI nateri al
val ues for each of the byproducts by their respective feed rates
into the G, colum and the project duration. The clainmed supply
costs include costs for plant feed, energy, and other costs of
manuf acturing products in Aefins-1 for 179 days (from Sept enber
22, 1994, through March 21, 1995). Ms. Hi nojosa al so included
the costs of the UOP GA- 155 additive, which were $14,077 and

$24,534 for 1994 and 1995, respectively.
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Ms. Hinojosa cal culated UCC s supply QREs for the UOP GA- 155
proj ect as $20, 707,920 and $23,117,359.20 for 1994 and 1995,
respectively.

2. \\ages

Ms. Hinojosa cal cul ated the wage costs for the UOP GA- 155
project using the sane nethodol ogy she used to cal cul ate the wage
costs for the Anpbco anticoking project, discussed above. M.
Hi noj osa determ ned that M. Brandon spent 220 hours working on
the UOP GA- 155 project during each of the credit years. M.
Brandon’s wage rate was $21 per hour. M. Hinojosa calcul ated
UCC s wage QREs for the UOP GA-155 as $4,620 for each of the
credit years.

E. Costs of the Sodi um Bor ohydri de Project

Ms. Hinojosa cal cul ated the clainmed supply costs of the
sodi um bor ohydri de project using the sanme net hodol ogy she used to
calculate the clainmed costs for the Anbco anti coking project,

di scussed above.

Ms. Hinojosa cal cul ated the supply costs for the sodi um
borohydride project by multiplying Taft’s average daily ethyl ene
production cost in 1995 ($267,066) by (1) the project duration (7
days) and (2) the percentage of the production capacity of Taft’s
hydr ocarbons unit enployed in the project (approximtely 67
percent). Accordingly, M. Hi nojosa cal culated UCC s supply QREs

for the sodi um borohydride project as 1,248, 300.86 for 1995. The
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production cost included $55,583 for the sodium borohydride
addi tive.

Ms. Hinojosa cal culated UCC s wage QREs as $4, 620 for the
sodi um bor ohydri de project using the nethodol ogy she used to
cal cul ate wage costs for the Anpbco anticoking project, discussed
above. M. Hinojosa determned that M. Brandon spent 220 hours
wor ki ng on the sodi um borohydride test in 1995.

F. Costs of the UCAT-J Project

1. Supplies
For the UCAT-J project, Ms. Hi nojosa used the PCDs for the

PE base resins made in the UCAT-J experinental runs to identify
the materials and material quantities used in the runs. For
UCAT-J runs 3 and 15, Ms. Hi nojosa did not have a PCD for the
speci fic product that was nmade (DIM 1732H), and she accordingly
used a PCD for a simlar product (DIJM1734H). M. Hinojosa did
not include any costs classified on the PCDs as utilities or the
costs of additives incorporated into base resins during
postreaction pelleting. M. Hi nojosa then used 1994 and 1995
MASs to cal culate the actual per-unit cost of purchased materials
used in the UCAT-J project. Because UCC used both purchased and
internally produced ethylene to manufacture PE, Ms. H nojosa used
a pool ed et hyl ene price.

Ms. Hinojosa used the 1994 and 1995 MASs to cal cul ate the

unit costs of the UCAT-J reduction agents (DEAC and TnHAl) and
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hydrogen m x used in UCAT-J runs. For the internally produced
UCAT-J precursor, M. Hi nojosa used 80 percent of the standard
cost shown on the PCDs.

Petitioner clains as QREs for supplies $2,006, 700 and
$4, 670,900 for 1994 and 1995, respectively, for the UCAT-J
proj ect.

2. \ages

The UNI POL reactors in Star’s LP-3 unit operated
continuously during the UCAT-J credit year experinental runs,
wi th production staff supporting the reactors 24 hours per day on
12-hour rotating shifts. According to Ms. Hi nojosa, the anount
of tinme spent by plant operators and other support staff did not
vary significantly for experinmental UCAT-J runs as conpared to
nor mal production runs.

Ms. Hinojosa cal cul ated the wage QREs attributable to the
UCAT-J project by allocating Star’s total wages in 1994 ($8.92
mllion) and 1995 ($9.72 mllion) according to the percentage of
Star’s total PE production nmade during the UCAT-J experi nental
runs in 1994 (2.1 percent) and 1995 (4. 18 percent), adjusted for

react or downti ne. '’

YMs. Hinoj osa reduced wages for downtine in response to a
comment fromM. Allen, one of respondent’s expert witnesses. In
response to another comment fromM. Allen, Ms. H nojosa al so
cal cul at ed wages using an allocation based on the duration of the
runs instead of production. M. Hi nojosa believes that the
i npact of this change was insignificant and therefore did not

(continued. . .)
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Petitioner clains as QREs for wages $167,839 and $351, 040
for 1994 and 1995, respectively, for the UCAT-J project.

| V. Base Period Projects

The second special trial session focused on petitioner’s
revi sed base period conputations (base period trial).?®
Petitioner arrived at a revised base amount by identifying
additional activities that it believes constitute qualified
research within the neaning of section 41(d) (identified runs)
and cal culating the cost of those identified runs.

A. Scope of the Tri al

On Septenber 15, 2006, petitioner filed a notion for parti al
summary judgnent seeking to: (1) Limt the scope of the evidence
at the base period trial to QREs incurred by UCC, as opposed to
petitioner’s entire consolidated group; and (2) shift the burden
of proof on the base period issues to respondent.

By an order dated January 17, 2007, the Court granted
petitioner’s notion in part and denied it in part, informng the
parties in pertinent part that: (1) Petitioner would bear the
burden of production with respect to its revised base period
conputations; (2) for purposes of conform ng the base period

conputations to the nethodol ogy petitioner enployed to conpute

(... continued)
al ter her nethodol ogy.

8The “base period” includes the years begi nning after Dec.
31, 1983, and before Jan. 1, 1989. See sec. 41(c)(3)(A).
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the clained credits, only evidence of the revised base period
conputations for the legal entity for which additional credits
are clainmed woul d be necessary; (3) in the above-described | egal
entity conmputations, it would be necessary to produce evidence to
revi se the base anount for businesses acquired by the |egal
entity after Decenber 31, 1983, and not di sposed of before
January 1, 1994; and (4) if petitioner could show that any
di spositions that occurred before 1994 played no role in the
conputation of QREs of the legal entities in the return as filed,
then petitioner would not have to account for dispositions of
those trades or businesses in conform ng the base period
conputations to the nethodol ogy used to claimadditional credits
for the years at issue.

Because petitioner’s clainmed credits all relate to all eged
QREs incurred by UCC as a single legal entity, the scope of the
base period portion of the trial was limted to research that UCC
conduct ed, including research conducted by any businesses that
UCC acquired after Decenber 31, 1983, and did not dispose of
before January 1, 1994.

1. Ogganization of UCC s Manufacturing Operations
During the Base Peri od

During the base period UCC operated its C&P busi ness segnent
as well as various other business segnents, including consumer
products, carbon products, and industrial gases. As a result of

a divestiture policy that UCC pursued in the late 1980s and early
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1990s, the C&P busi ness segnent was the only UCC busi ness segnment
remai ning during the credit years. Accordingly, when petitioner
revised UCC s base anpunt for QREs incurred at UCC s
manuf acturing plants during the base period, petitioner included
only QREs that were incurred within UCC s C&P busi ness segnent.

During the base period UCC s C&P busi ness consisted of four
di visions that corresponded to product groupings: (1) The
i ndustrial chemcals division; (2) the polyolefins division; (3)
the solvents and coatings nmaterials division; and (4) the
specialty chem cal s division

The industrial chem cals division enconpassed 19 separate
manuf acturing units that collectively produced ethyl ene and ot her
ol efins, ethylene oxide/ethylene glycol, various ethyl ene oxide
derivatives, and other products at Taft; Seadrift; UCC s Texas
City, Texas plant (Texas City); UCC s Institute, West Virginia,
plant (Institute); and UCC s Washougal , Washi ngton, plant
(Washougal ) .

The pol yol efins division enconpassed six manufacturing units
that collectively manufactured commodity and specialty PE
products at Seadrift and Star as well as a wire and cable
conpoundi ng plant in Bound Brook. UN PCL was a part of the
pol yol efi ns division during the base period and was the | argest

consuner of R&D funding wthin the division.
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The sol vents and coatings materials division enconpassed 21
manufacturing units that collectively manufactured glycol ethers,
acryl ates, and various other solvents and coatings at UCC s Taft,
Seadrift, Texas City, Institute, and South Charl eston plants, as
wel |l as latex products at several small production facilities
across the country.

The specialty chem cals division enconpassed 13
manufacturing units that collectively manufactured a variety of
| ow-vol unme, hi gh-performance specialty chem cals, including
acrol ein derivatives, alkyl al kanol am nes, Cellosize, and Pol yox
at Taft, Institute, and South Charl eston.

2. Acquisitions and Di spositions Between the Caim
Years and the Base Peri od®

a. Acquisitions

On Novenber 16, 1990, UCC acquired particular assets of Rohm
& Haas Co. (Rohm & Haas). The acquired assets included chem cal
formul as and other intellectual property associated with Rohm &
Haas’ s worl dw de surfactant and al kyl phenol busi ness under the
trade nane Triton (Triton assets). Surfactants are a famly of
organo-silicone nol ecul es, including detergents and hard-surface
cleansers. Following the sale of the Triton assets, al
associ ated technical data and intellectual property were

transferred to UCC.

¥Acqui sitions and di spositions that do not affect
petitioner’s revised research credit conputations are omtted.
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During the base period the Triton business represented a
mat ure technol ogy. Rohm and Haas had not performed any work to
i nprove or add products to its portfolio in many years. During
t he base period and until the sale of the Triton assets to UCC,
it was Rohm & Haas’s practice to manage the Triton business as a
“cash cow’, harvesting substantial anmounts of cash fromthe
busi ness while investing only limted resources for research and
gr owt h.

Rohm & Haas treated its sale of the Triton assets and its
obl i gations under various agreenents nmade in connection with the
sale as a disposition of a major portion of a trade or business
for purposes of the research credit conputation. Likew se, UCC
treated its purchase of the Triton assets and its obligations
under the various agreenents as an acquisition of a major portion
of a trade or business for purposes of the research credit
conput at i on.

In 1990 UCC acquired the Norkool business from Quantum
Chem cal Corp. The Norkool products included industrial coolants
and antifreeze fornul ations, corrosion inhibitor packages, and
cooling systemcleaners. During the base period one person was
assigned to provide R& support for nost of the Norkool business,

al t hough addi ti onal R&D support anal yzed Norkool’'s fluids to
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ensure that they were properly balanced. 1In addition, there were
engi neers avail able to provide assistance if necessary.?
In 1990 UCC acquired the worl dw de Pol yphobe thickeners
busi ness and assets fromDe Soto, Inc. The Pol yphobe thickeners
were used in the fornulation of |atex paints.?!

b. Di sposi tions

UCC s original base period QREs reflected all owabl e
adj ust ments under section 41(f)(3)(B) attributable to
di spositions by UCC of the major portion of a trade or business
or the major portion of a separate unit of a trade or business.
During the credit years there were no dispositions by UCC of the
maj or portion of a trade or business or the major portion of a
separate unit of a trade or business for which petitioner nust
adjust its base period QREsS or gross receipts under section
41(f)(3)(B) other than the dispositions reflected in the base
period QREs and gross receipts reported on UCC s original
returns.

UCC divested itself of its hone and autonotive, agricultural
products, film packagi ng, engineering polyners and advanced
conposites, worldw de netals, and battery products businesses in

1986. UCC sold a 50-percent interest in its carbon products

2None of petitioner’s original base period QREs were
attributable to the Norkool business.

21 None of petitioner’s original base period QRES were
attributable to the Pol yphobe thickeners busi ness.
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business in 1991. UCC spun off its industrial gases business in
1992. Before January 1, 1994, UCC divested itself of the
foll ow ng additional businesses: Primary al cohol ethoxyl ates,
pol ycrystalline silicon, urethane pol yether polyols and propyl ene
gl ycol, silicones and urethane catalysts, coatings service,
phenolic resins, and phenoxy resins.

3. UCC/ Shel |l Pol ypr opyl ene Busi ness

a. The Cooperative Undert aking

On Decenber 22, 1983, UCC and Shell formed a tax partnership
call ed the Cooperative Undertaking, pursuant to a | egal agreenent
entitled the “Cooperative Undertaking Agreenent” (CUA). UCC and
Shel | each contributed goods and services in return for a 50-
percent interest in the Cooperative Undertaking. According to
the CUA, the purpose of the Cooperative Undertaking was to
devel op and adapt UCC s UNI POL technol ogy to incorporate Shell’s
catal yst technol ogy and create a conbi ned commerci al process for
t he manufacture of pol ypropyl ene (conmbi ned conmerci al process).
The Cooperative Undertaking planned to |icense the conbi ned
comercial process to third parties. Shell was also interested
i n produci ng pol ypropyl ene using the conbi ned commerci al process.

The CUA envisioned a three-phase process.? |n phase |, UCC

and Shell woul d devel op acceptabl e pilot plant operating

22 As di scussed bel ow, sone of the activities envisioned by
the CUA were not actually perforned by the Cooperative
Under t aki ng.
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condi ti ons and produce acceptabl e pol ypropylene resin. |In Phase
1, UCC would construct a denonstration plant at Seadrift and
scal e up manuf acture of pol ypropylene resin fromthe pilot plant
to the denonstration plant. |In addition, Shell would devel op
prelimnary comrercial markets for the sale of cooperatively nade
pol ypropyl ene resin using the conbined commercial process. In
phase 111, certain limted |icenses between UCC and Shell would
becone effective; UCC and Shell would operate the denonstration
pl ant to produce cooperative pol ypropyl ene resin using the
conbi ned commerci al process; UCC would solicit, grant, and
adm nister third-party licenses with Shell’s assistance; and UCC
and Shell would continue to cooperate to inprove the conbi ned
commercial process. On January 29, 1987, phase Il ended and
phase 111 began.

Under the CUA, UCC and Shell each paid their own costs for
R&D covered by the CUA and retained sole intellectual property
rights for information they devel oped separately during phases |
and Il1. However, UCC and Shell would share all net |icensing
revenue equally during phase I1l. UCC and Shell would jointly
own any intellectual property jointly devel oped during any phase.

UCC and Shell agreed that the Cooperative Undertaking was a
partnership solely for tax purposes. The Cooperative Undertaking
accordingly filed Federal and State partnership tax returns with

UCC serving as the tax matters partner. However, the CUA
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expressly excluded fromthe CUA tax partnership: (1) Al
research activities conducted individually by UCC and Shel
during phases | and Il; and (2) all activities conducted by
Seadrift Pol ypropyl ene Co. (SPC). As discussed below, SPC was to
conduct all manufacturing activities using the conbi ned
comerci al process and the Cooperative Undertaking would not
engage in any manufacturing activities or plant-based
experi nments.

b. SPC

On March 21, 1984, UCC and Shell fornmed SPC as a partnership
under the laws of the State of Texas. UCC and Shell each
contributed goods and services in return for a 50-percent
interest in SPC. SPC filed Federal and State partnership tax
returns, with Shell serving as the tax matters partner and
provi di ng accounting services.

The purpose of SPC was to construct and operate a
denonstrati on manufacturing plant, the P-1 unit, which would be
used to conmercialize the conbi ned comercial process devel oped
by the Cooperative Undertaking, denonstrate the conbi ned
comercial process to |icensees and potential |icensees, and
produce pol ypropylene. Only SPC, not the Cooperative
Undert aki ng, woul d conduct pol ypropyl ene manufacturing

oper ati ons.
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Also on March 21, 1984, SPC retained and desi gnated UCC as
an i ndependent contractor to design and construct the P-1 unit.
SPC | eased existing plant facilities and |land from UCC so t hat
UCC could build the P-1 unit within the confines of Seadrift.
Under the contract signed with SPC (the engi neering and
construction contract), SPC paid UCC a fixed price for the design
and construction work on the P-1 unit. Under the engineering and
construction contract, UCC would own any intellectual property
that it developed in the course of designing and constructing the
pl ant under the contract. Petitioner did not include any
activities that occurred under the engineering and construction
contract during the base period in either its original or revised
base period cal cul ati ons.

Pursuant to anot her agreenent between UCC and SPC (the
operating agreenent) dated March 21, 1984, SPC retained UCC as an
i ndependent contractor to serve as the operator of the P-1 unit.
In this capacity, UCCinitially incurred the costs of SPC s
pol ypr opyl ene manufacturing operations, including variable costs
such as raw materials and period costs such as plant [abor. UCC
pur chased pol ypropyl ene and catal ysts directly from Shell. UCC
submtted nonthly invoices for these costs to SPC, and, pursuant
to the operating agreenent, SPC rei nbursed UCC for these costs.
The operating agreenent provided that any intellectual property

di scovered or devel oped by UCC in the course of performng its
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duties woul d be governed by the CUA, not the operating agreenent
or any other SPC agreenent.

SPC did not maintain a separate set of books and records.
However, in its capacity as an independent contractor UCC
mai nt ai ned SPC s accounting records and identified SPC as a
separ at e busi ness.

In the m d-1990s UCC sued Shell and various other entities,
claimng, inter alia, that Shell had violated its fiduciary duty
wWith respect to the joint venture. The litigation settled, and
on January 18, 1996, UCC acquired Shell’s pol ypropyl ene business
assets, including Shell’s interest in SPC, as part of the
settl enment.

C. Petitioner’'s Base Anpbunt Recal cul ation

Petitioner did not include the cost of any research
conducted at P-1 during the base period in its base anount
because petitioner believes that SPC, not UCC, incurred the costs
of that research. However, petitioner identified 138 runs that
occurred at P-1 during the base period that it would treat as
qualified research in the event that the Court finds that UCC,
not SPC, incurred the costs of these runs (polypropylene runs).?
Petitioner determned that the 138 runs that occurred at P-1

during the base period cost $29, 508, 628. 41.

ZThe criteria used to identify the research that petitioner
bel i eves constitutes qualified research within the neani ng of
sec. 41(d) are discussed bel ow
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B. Base Period Projects

1. UCC s Focus on R&D During the Base Period and
Credit Years

UCC vi ewed manufacturing process inprovenents as inportant
during both the base period and the credit years. UCC s
manuf act uri ng process was continuously evol ving throughout these
years. In particular, in the early 1990s WIIliam Joyce, the
presi dent of UCC s polyolefins division, inplenented a new
process i nprovenent program designed to | ower costs. M. Joyce
i npl enented this programas part of a programto increase UCC s
I i censi ng busi ness.

2. The Role of R&D and Engi neering at UCC s
Manuf acturing Pl ants

During the base period, R&D provided plant support to al
four C&P divisions. R&D supported the operation and safety of
the plants and nonitored the quality of the products. UCC s
engi neering and manufacturing departnents al so hel ped to devel op
UCC s manufacturing process. Plant-based experinents were
typically carried out through nultifunctional teans.

There was no formal rule during the base period regarding
how many successful runs of a new product nust be conducted
before the product is deened to be commercial. However, in the
pol yol efi ns division UCC generally preferred to conduct at |east

three runs on a new product before deemng it comrercial .
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3. Petitioner’'s ldentification of Plant-Based
Qualified Research Activities Conducted During the
Base Peri od

a. Dr. Wadi a’s Assi gnnent

Parvez H. \WAdia, one of petitioner’s expert w tnesses, was
qualified in the base period trial as an expert in conducting R&D
related to the manufacturing of chem cals and plastics.? Dr.
Wadia’s task was to identify all activities that UCC conducted at
its donmestic C&P manufacturing facilities during the base period
that Dr. Wadia believed constituted “qualified research” as
defined by petitioner’s counsel. The criteria that Dr. Wadi a
used to select the identified runs are referred to as the
“qualified research criteria”, and the activities that Dr. Wadi a
believes satisfy the qualified research criteria are referred to
as the “identified runs”.? Another of petitioner’s expert
W tnesses, Sheri L. Toivonen, calculated the costs of the
identified runs.?®

Dr. Wadia was not famliar with the claimprojects before
begi nning his task. At petitioner’s request Dr. Wadia | ater

conpared the identified runs with the spuds project. However,

2Dr. Wadia’'s qualifications are set out in the Opinion
section, bel ow

W nmake no finding at this tinme whether the identified
runs constituted qualified research within the neaning of sec.
41(d).

2Ms. Toivonen's qualifications are set out in the Opinion
section, bel ow
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Dr. Wadia was not asked to opi ne whether the claimprojects
satisfy the qualified research criteria or to identify activities
simlar to the claimprojects that occurred during the base
peri od.

Dr. Wadia was assisted by five other professionals fromM d-
Atlantic Commercial Research, a subsidiary of the Md-Atlantic
Technol ogy, Research & Innovation Center (MATRIC) (collectively,
MATRI C teant’). MATRIC s largest client is the United States
Governnent. The MATRIC team had nore than 224 years of
experience in the chemcals and plastics industry and 171 years
of experience with UCC. None of the MATRIC team nenbers
testified as fact witnesses during the trial.

The qualified research criteria closely tracked the
definition of qualified research under section 41(d) and section
1.41-4, Inconme Tax Regs.?® The criteria required Dr. Wadia to
consider five key questions: (1) Does the research activity seek
to elimnate an uncertainty concerning the devel opnent or
i nprovenent of a business conponent, which can be either a
product or a process? (2) Does the research activity seek

technol ogi cal information? (3) Does substantially all of the

2TAl t hough the conpany that petitioner retained was a
subsidiary of MATRIC, the parties generally refer to the team as
being from MATRIC. W adopt that designation for conveni ence.

28As we explain infra note 42, respondent concedes that
petitioner may rely on sec. 1.41-4, Incone Tax Regs., even though
it is effective for years ending on or after Dec. 31, 200S3.
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research activity involve elenents of a process of
experinmentation? (4) Does the research activity relate to a
qualified purpose? (5) Is the activity an “excluded activity”?
Dr. Wadia was provided with a |ist of excluded activities that
tracked section 41(d)(4). To be consistent with petitioner’s
selection of the claimprojects, petitioner asked Dr. Wadia to
identify only plant-based experinents that occurred at UCC s
donmestic manufacturing facilities.

b. Dr. Wadia's Mt hodol ogy

Dr. Wadia and his team spent approxinmately 5,650 hours
selecting the identified runs. This tinme was spent review ng
over 120,000 pages of technical docunents, conducting electronic
searches, interview ng 157 current and former Dow and UCC
enpl oyees, and visiting 42 of Dow s unit libraries and 69
satellite libraries. The technical docunents that the MATRI C
teamrevi ewed included, but were not limted to, R&D project
reports and project nenoranda, definition of technol ogy reports,
t echnol ogy manager’s reports, UNIPOL strategic run plans and
tactical run plans, and | atex process and conmercial product
information. Dr. Wadia reviewed a few FOCRs, but nost of the
FOCRs t hat had been produced during the base period were no
| onger available. Dr. WAdia' s project identification
i nvestigation was highly interactive and often conpl ex,

nonlinear, and iterative.
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For each of the identified runs, Dr. WAdi a defined the
activity by providing: (1) A run description; (2) the
manuf acturing plant |ocations and specific manufacturing units;
(3) the product(s) made during the activities and their
production volunes; (4) the raw materials and catal ysts used to
make the product(s); (5) the start and end dates of the
activities; (6) any other relevant scientific information; and
(7) the docunents related to the identified runs.

Dr. Wadi a used a sonmewhat nodified process wwth respect to
UCC s crystal products business based at Washougal , which UCC
sold to an unrelated third party in 1999. Dr. Wadia used a “top-
down” approach to estimate how much UCC spent on pl ant - based
experinmentation for this business. To nmake this estimation, Dr.
Wadi a assuned that: (1) Annual sales for the business ranged
from$9 to $10 mllion per year; (2) manufacturing cost as a
percent of sales was 60 percent; and (3) about 5 to 10 percent of
the crystal growth stations for manufacturing products were
dedi cated to experinental work. The plant manager for the
Washougal crystal products plant confirned that he believed that
t hese were reasonabl e estinates.

C. Dr. Wadi a’s Concl usi ons

Dr. Wadia identified a total of 793 separate plant-based

activities that he believes satisfy the qualified research
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criteria.?® Dr. Wadia originally identified 764 runs in his
openi ng expert report dated August 3, 2007. After receiving and
reviewi ng additional information, Dr. Wadia identified 29
additional runs that he listed in his supplenental expert report
dated Cctober 26, 2007. Dr. Wadia also revised the duration and
production of runs 408, 574, and 777 at that tine.

The MATRI C team consi dered thousands of projects. Dr. Wadia
rejected sonme projects at the outset because they occurred
out side the base period, were not conducted at a manufacturing
facility, or otherwise clearly did not satisfy the qualified
research criteria. The MATRI C team then discussed the remnaining
potential projects, and Dr. WAdi a deci ded whet her they satisfied
the qualified research criteria. The MATRIC teamdid not retain
a list of potential projects that were discussed but not included
on the list of identified runs. Dr. VWadia was satisfied that the
MATRI C team had sufficiently anal yzed each project and did not
feel that such a |ist was necessary.

Dr. Wadia listed the identified runs as runs 1 through 806
on the exhibits to his initial and suppl enental expert reports. 3

Dr. Wadia |l ater produced a table of identified runs that includes

2These runs are listed as runs 1 through 806. Dr. Wadia
did not identify any runs as run 121, 278, 524, 525, 526, 527,
679, 687, 688, 689, 690, 691, or 775.

30 As di scussed above, Dr. Wadia has not identified any runs
as Run 121, 278, 524, 525, 526, 527, 679, 687, 688, 689, 690,
691, or 775.
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coments on the runs. In his expert report Dr. WAdi a di scusses
the specific manufacturing units that conducted the runs and
provi des additional narrative information regardi ng many of the
runs.

d. Petitioner’s Concessions

As a result of fact witness testinony at trial, petitioner,
with the assistance of Dr. Wadia, conceded that 14 additional
pl ant - based research activities conducted during the base period
satisfy the qualified research criteria (runs 807 through 820).
Ms. Toi vonen sunmari zed each of the conceded activities, provided
references to pertinent testinony and docunents, and provided
cal cul ations of the cost of the research activities on the basis
of the referenced information and rel evant accounting records.
The pertinent conceded runs are di scussed bel ow.

i Nal co I nhibitor Antifouling Test (Run
816)

Dr. Wadia did not include the Nalco inhibitor antifouling

test anong the first 793 identified runs, but petitioner |ater
conceded that this test satisfies the criteria for qualified

research and added this test as run 816.

31As discussed in the Opinion section, respondent argues
that the fact that Dr. Wadia did not initially include runs 807
through 820 illustrates a flaw in his nethodology. Wile we
state no opinion on respondent’s argunent at this tinme, we
provi de pertinent facts regarding the runs that respondent
addresses in his argunent.
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During the base period UCC worked with Nal co Chem cal
(Nal co) to develop a type of antioxidant or fouling inhibitor to
inject into the G, colum, which would then enter the C; col umm
and prevent fouling in that colum. |If successful, this would
m nimze the nunber of tines the reboiler had to be cl eaned and
extend the nunber of nonths the reboiler could operate w thout
bei ng shut down.

Nal co approached UCC with a fouling inhibitor for UCC to
test. UCC nost |ikely would have prepared an FOCR for the
installation of the punping facilities to inject the inhibitor
and for the addition of a new chemcal into the plant.

UCC tested the Nalco inhibitor for 5 to 6 nonths. UCC
personnel nonitored the steam pressure on the C; columm reboiler
and checked the reboiler for fouling during the test.

The inhibitor extended the Iength of tine the reboiler ran
wi t hout being cl eaned and the steam pressure was reduced. As a
result of these findings, UCC determ ned that the Nal co inhibitor
worked as it was intended to work and did not perform additional
testing.

Ms. Toivonen determ ned that the Nalco inhibitor antifouling
test cost $7,192,670. 85.

ii. Wastewater Activity (Run 809)

Anot her activity that Dr. Wadia did not include as an

identified run in his original or supplenental report was a pl ant
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test perfornmed at Taft’'s wastewater treatnent facility. UCC
received a tank truck of wastewater from another plant and
processed the tank through the wastewater treatnment facility at
Taft.

A technol ogy highlights nenorandum describes the activity as
a “plant test” that would be run in m d-Novenber of 1985. The
activity would involve dunping half of the tank into the
wastewater facility at a rate of 2 gallons per mnute and
monitoring for odor. UCC would rapidly dunp the remaining 2,900
gallons in tw stages. 1In the first stage UCC woul d dunmp 1, 450
gallons into the acrylics sunp. |f that caused odor problens,
UCC woul d dunp the remaining 1,450 gallons into a different sunp.
| f the dunping of the first 1,450 gallons did not cause odor
probl ens, UCC woul d al so dunp the remaining 1,450 gallons into
the acrylics sunp.

Ms. Toivonen cal cul ated the QREs associated with this
activity to be $8,441. 65.

i Rohm & Haas Runs (Runs 813 and 814)

Dr. Wadia included two runs associated with the Triton
assets in his expert witness report as identified runs. M.
Toi vonen cal cul ated the cost of these two runs as $1, 489. 06 and
$39, 630. 61, respectively. Petitioner |ater conceded that two
additional runs (runs 813 and 814) associated with the Triton

asset shoul d have been included in its base amount cal cul ati on.
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I n her second suppl enental expert witness report Ms. Toi vonen
cal cul ated the costs of these runs as $21, 826. 32 and $345, 683. 94,
respectively. This concession doubled the nunber of identified
runs associated with the Triton assets and increased the costs of
the identified runs associated with the Triton assets nearly
t enf ol d.

e. Activities That Were Not ldentified Base
Period Activities

Respondent argues that Dr. WAdia should have included the

follow ng additional activities on the list of identified runs.
i. NOx

Dr. Wadia did not include as identified runs any activities
related to NOx. “NOX” refers to various conpounds of nitrogen
and oxygen that can be contained in catalytically cracked
refinery gases that are sonetines fed to ethylene units. N can
accunul ate in the cryogenic sections of commercial ethylene
units. These cryogenic sections, called “cold boxes”, separate
very low boiling point materials in the cracked furnace gas as
part of the ethylene recovery process. Nitric oxide (NO, a
conmpound of NOx, has very |low boiling and freezing points.
Therefore, nearly all of the NOin the ethylene unit cracked gas
streamenters the cold box. NO may be oxidized to NO, in the

cold box by the presence of oxygen, and NO, can react with

additional NO to form NG,
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Sonme NOx conpounds (NGO, and N,O, in particular) freeze and
boil at significantly higher tenperatures than NO  Therefore,
NOx conpounds can freeze in the cold box and accurmul ate. The
accumnul ati on of NOx compounds in the cold box can present a
significant safety hazard. Sonme NOx conpounds are highly
reactive and can conbine with other materials, in particular
but adi ene, in the cold box to form NOx gunms. NOx conpounds al so
react wth amonia to formamoniumnitrate and nitrite (NOx
salts). Wiile stable at the very |ow cold box tenperatures, NOX
guns and NOx salts can becone unstabl e and expl osi ve when the
cold box is warmed. NOx guns may expl ode at tenperatures well
bel ow anbient, while NOx salts require warner tenperatures to
expl ode. Even snmall anpbunts of explosive guns can be a serious
safety hazard.

UCC was aware of the potential safety hazards of NOx
accunul ation in cold boxes |ong before the base period. UCC had
not had an NOx-rel ated expl osion before the base period, but it
had been aware of NOx-rel ated expl osions in other cryogenic gas
processing units in the chem cal industry.

By 1982 it was generally known that thawing a cold box would
remove NOx that had accunmulated in the cold box. A controlled
t haw i nvol ves shutting off the cracked furnace gas feed,
gradually warm ng the cold box to anbient tenperature, and

injecting purge gas through the piping to flush out the NOx
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conpounds. It was also generally known how fast to warmthe cold
box and to what tenperature to warmthe cold box to mnimze the
risk of explosion. Furthernore, it was generally known that
after a thaw a cold net hanol wash could be used to renpbve NOx
guns fromthe cold box equi pnent and at what tenperature the cold
met hanol wash shoul d be used.

During the base period it was industry practice to thaw cold
boxes periodically. UCC thawed its cold boxes approxi mately once
per year during the 1980s but had not used a nethanol wash until
July 1985. Before the base period UCC had never quantified the
anmount of accunul ated NOx or the rate of NOx accunul ation in any
of its olefins units’ cold boxes.

By | ate Novenber 1984 operations personnel at Texas Cty had
determ ned that they did not have enough information to define a
safe run length for the cold box. During several earlier thaws
UCC had checked the effluent fromthe Texas City cold box for
NOx. UCC found NOx in the effluent on every occasion but never
quantified the anount or determ ned the formor type of NOx
conpounds present in the Texas Cty cold box. UCC used a
chem cal nethod called the Giess-Saltzman nmethod to detect the
presence of NOx. UCC al so used Draeger tubes (another anal yti cal
techni que) to neasure NOx concentrations in the cold box vent
gas. UCC thought that the NOx that was accumul ati ng m ght be NOx

guns.
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I n Decenber 1984 Luis Batiz, an engineer in Texas City's
olefins unit, sent a letter to the hydrocarbons R&D t echnol ogy
manager expressing concern about the potential accumul ation of
NOx conmpounds in the Texas City cold box and requesting
assi stance in devel oping a standard phil osophy and gener al
procedure that could be inplenmented in Texas City to thaw the
cold box. The Texas City olefins unit was particularly
susceptible to NOx accunul ati on because it used refinery gas,
whi ch was known to contain NOx, as a raw material. At that point
the Texas City cold box had been operating continuously for about
1 year without a thaw. UCC had no way to estinmate how nuch NOx
had accumnul at ed because UCC had not previously quantified the
accurul ati on of NOx.

M. Batiz's request was assigned to Dr. Henstock, a project
scientist in UCC s hydrocarbons R& group, in early 1985. Dr.
Henst ock was based at the technical center in South Charl eston.
Dr. Henstock researched the issue, reviewed the situation at
Texas City, and concluded that the Texas City personnel did not
have enough information to determ ne a safe run length or set
their own operating guidelines. |In February of 1985 Dr. Henstock
informed his supervisors that while the hazards of NOx had been
known for sone tinme, the formation of NOx deposits and their
removal was still not well understood. Dr. Henstock decided to

conduct a controlled thaw as soon as was practical and neasure
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t he amount of NOx that was |liberated fromthe cold box to
determne the rate at which it was accunmulating. UCC intended to
use this information to determ ne how frequently the cold box
nmust be thawed.

In order to better analyze the anbunt of NOx that cane out
of the cold box, UCC s South Charleston technical center built a
prot otype of a photoionization analyzer. The photoionization
anal yzer gave readings every 2 to 3 mnutes, recorded data
automatically, and could be |eft unattended. UCC believed that
this method for anal yzing NOx was superior to the Giess-Saltzman
met hod because the Giess-Saltzman nmethod did not give readi ngs
frequently, was very tinme consumng, required skill to operate,
and coul d not be operated unattended.

The first Texas City thaw began on February 19 and ended on
February 24, 1985. This was UCC s first attenpt to neasure
accunmul ated NOx. During the thaw an operator noticed a bright
blue liquid | eaking froma cold box val ve, which was not
expected. Dr. Henstock discussed this phenonenon with sone of
his col |l eagues in South Charl eston, and they determ ned that the
material was N,O;,, which is not the formof NOx conpound that Dr.
Henst ock had expected. Dr. Henstock then vented the materia
into the atnosphere while neasuring the concentration and total
flowrate in order to calculate the total anobunt. Dr. Henstock

estimated that about 100 pounds of material had built up in the
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cold box. Mich of the NOx that had entered the systemwas from
purchased refinery gas. Dr. Henstock did not determ ne whether
NOx gunms had fornmed. The rest of the cold box thaw was conpl et ed
uneventfully and the cold box was returned to normal operation.
Dr. Henstock docunented the February 1985 cold box thaw in a
project report dated August 13, 1985. The project report
summari zed what occurred during the thaw and docunented the
results. Dr. Henstock was surprised and concerned about the
anmount of NOx that he found. Accordingly, Dr. Henstock
recommended that the thaw be repeated in a few nonths to see how
much NOx woul d accunmulate in that tinme. Dr. Henstock al so
recomended that a nethanol wash be perfornmed to determ ne
whet her NOx guns had forned. UCC decided to have an externa
consultant perform | aboratory work to understand the hazards of
N,Gs.
Recogni zing the potential safety inplications of the
significant quantities of NOx found during the February 1985
t haw, UCC made the results of the thaw available to the ol efins
i ndustry during the summer of 1985. The findings of the February
1985 thaw resulted in the formati on of the Task G oup on N trogen
Oxi des in Ethylene plans, which net four tines from Cctober 1985
to October 1986. The task group issued a report of its findings
that identified potential problens regardi ng NOx and nade

suggestions on how to safely handl e equipnent likely to contain
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NOx. Dr. Henstock also wote a paper on NOx that was presented
at an American Institute of Chem cal Engineers (AIChE) neeting in
the spring of 1986.

Foll owi ng Dr. Henstock’s recomrendati ons, UCC perforned
anot her thaw of the Texas City cold box in July 1985, followed by
a met hanol wash. This was the first nmethanol wash that UCC had
performed at any of its olefins facilities. UCC determ ned that
| ess than 3 pounds of NOx had accunul ated and that no NOx guns
had f or med.

Dr. Henstock wote another project report to docunent the
results of the July 1985 thaw. Because of the small anount of
NOx accumul ation found and the absence of NOx guns during this
thaw, Dr. Henstock regarded the NOx i ssue as a nanageabl e safety
hazard at Texas City. Dr. Henstock postul ated that nmuch of the
NOx passed through the cold box and flowed out in the fuel
stream Dr. Henstock recommended that a nethod shoul d be
devel oped for nonitoring the NOx bal ance around the Texas City
cold box, such as the installation of a permanent NOx anal yzer.
Dr. Henstock al so recommended that future thaws at all |ocations
be nonitored closely to determ ne the anount of NOx accunul ati on.
In the neantinme, Dr. Henstock recomended that the Texas City
cold box be thawed at |east every 12 nonths. Dr. Henstock did

not believe that nmethanol washes woul d be necessary at Texas City
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in the future, but he recommended net hanol washes at | ocations
where NOx and but adi ene could both enter the cold box.

In January 1986 UCC perforned a thaw and net hanol wash of
the cold box and one of the two net hane columms at Seadrift.
Seadrift did not use refinery gas as a raw material. Therefore,
UCC assuned that NOx accunul ation at Seadrift was less |ikely
than at Texas Cty. However, UCC had detected NOx at several
points within the process, which indicated that there m ght be
NOx present. UCC al so believed that NOx and but adi ene
occasionally contacted one another, which could potentially cause
the formati on of NOx guns. UCC was concerned about an i ncident
at Seadrift in which thaw gas flow ng out of piping was found to
be unexpl ai nably warm during a cold box thaw in 1979. UCC had
never quantified the accumul ati on of NOx or NOx gums or used a
met hanol wash at Seadrift before this thaw.

During the January 1986 thaw at Seadrift, UCC used the sane
general procedures it had used at Texas City. UCC did not find
any NOx accunul ation or NOx gunms in the cold box. Dr. Henstock
docunented the results of the January 1986 thaw in a project
report dated June 16, 1986. Dr. Henstock concl uded that the warm
t haw gas outl et pipe incident during the 1979 thaw was probably
not related to NOx. Dr. Henstock al so devel oped gui delines for
future managenent of potential NOx hazards at Seadrift. Dr.

Henst ock determ ned that future Seadrift cold box thaws should be
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closely nonitored for NOx in the outflow ng warnup gas but that
met hanol washes woul d not be required unl ess evidence of NOx gum
formati on devel oped.

UCC foll owed the plans recomended after the July 1985 thaw
at Texas City and conducted another thaw at Texas Cty in January
1987. UCC i nproved the procedure it had previously used at Texas
City by using a drain vaporizer when NOx |l evels were very | ow.
UCC purged less than 1 pound of NOx during the January 1987 thaw.

Dr. Henstock docunmented the results of the January 1987 thaw
in a project report dated March 11, 1987. Dr. Henstock concl uded
that the smaller accumul ati on was probably due to decreases in
the level of NOx in the refinery gas. Dr. Henstock reconmmended
careful nonitoring of the refinery gas NOx concentrations once
t he permanent anal yzer was installed later in 1987. Dr. Henstock
al so recommended that it was safe to increase the tine between
thaws to 24 nonths as long as the | ow NOx concentrations in the
feed streans persisted, but he suggested reevaluating the tinme
i nterval between thaws according to the results of the next thaw.

In March 1988 UCC neasured NOx accunul ation during a nornma
pl ant shut down and cold box thaw at Taft. Taft’s Oefins-2 unit
had run continuously for over 3 years at that point. UCC had
never attenpted to quantify the accumul ation of NOx or NOx guns
at Taft before this thaw Taft did not use refinery gas as a raw

material, but the design of the separations systemat Taft
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al | oned sone but adi ene (known to form NOx guns) to enter the cold
box. UCC anal yzed the process streans feeding and | eaving the
cold box at Taft on three different occasions before the March
1988 t haw but found no neasurabl e NOx.

During the March 1988 thaw UCC nonitored the effluent for
NOx and detected | ess than a pound of NOx. UCC did not detect
any NOx guns or polyners on a visual inspection of the cold box
and net hane columm feed separators. Dr. Henstock concl uded that
future nonitoring of the Taft cold box by the hydrocarbon R&D
group woul d not be necessary. However, Taft personnel would
continue to check the cold box streans for NOx with Draeger tubes
at any future shutdowns.

None of the thaws di scussed above invol ved the changi ng of
any vari abl es before the NOx accumnul ati on was neasured. During
each thaw UCC col |l ected data for the purpose of determ ning how
fast NOx was accunul ati ng under normal conditions and how | ong
the cold boxes could safely operate w thout being thawed. Dr.
Henstock continued to study NOx into the 1990s and stil
consi dered NOx accunul ation to be a safety issue at |least as late

as 2002. 32

32A serious NOx gum expl osion occurred at the Shell defins
plant in Berre, France, in 1990. A second industry task group
was formed in response to this explosion. However, these events
did not occur during the base period or the credit years, and
accordingly we do not address themin detail here. A mnor NOx-
rel ated explosion also occurred at Texas Cty in 1994. However,
(continued. . .)
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Dr. Wadia did not include any NOx-rel ated activities on the
list of identified runs because the MATRI C team concl uded t hat
they did not involve a process of experinmentation but nerely
constituted data collection and nonitoring. Accordingly, M.
Toi vonen did not include the cost of any NOx-rel ated activities
in her expert w tness report.

Roy T. Halle, one of respondent’s expert w tnesses,
estimated that the cost of the ethylene that UCC produced at
Texas City, Seadrift, and Taft during the periods |eading up to
the cold box thaws was about $443 mllion.*

ii. John Zink Co. Oders

UCC purchased equi prrent fromthe John Zink Co. during the
base period. UCC conducted tests on equi pnment purchased fromthe
John Zink Co. during the base period that Dr. Wadia did not
include on his table of identified runs. These tests generally
consisted of testing the products to see whether they functioned
properly.

i Star Pell eting

In 1986 UCC installed one of the industry’s |argest and nost

effective pelleting lines at Star. UCC tested the new equi pnent

32(. .. continued)
none of the claimprojects relate to this expl osion.
Accordi ngly, we need not discuss the event further.

3¥M. Halle's qualifications are set out in the Opinion
section, bel ow
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to validate that everything functioned as was expected. However,
UCC did not take any steps to further devel op the new pelleting
l[ine. UCC did not have any significant difficulties with the
startup of the new pelleting Iine.

iv. Napht ha Anal ysi s

In 1987 UCC s R&D departnent anal yzed virtually every
napht ha shi pnment that arrived at Taft to determ ne the
conposition of the naphtha. Naphtha is not a standard chem cal,
and different batches of naphtha could lead to different yields
of ethylene and different degrees of coking. R&D analyzed the
naphtha with a gas chromatograph and entered the results into a
conputer to predict the naphtha's yields, and this information
was given to UCC s econom cs departnment to determ ne which
napht ha shi pnents had the hi ghest val ue.

f. Duration and Quantities of Product Produced

The MATRI C team provi ded Ms. Toivonen with the duration of
the identified runs and the anmount of products produced during
the runs so that Ms. Toivonen could cal cul ate the costs incurred
in conducting those runs. As discussed in nore detail bel ow, M.
Toi vonen used duration to calculate the wage costs and the anount
of product produced to calculate the material costs.

Where there was no explicit statenent of the duration or the
production quantity in the docunentary evidence, the MATRIC t eam

determ ned the anpunts using a nunber of different nethods. 1In
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sone cases the docunents stated the pounds of naterial nade
during the run, and the MATRIC team cal cul ated the duration by
dividing the material by the operating rate in ternms of pounds
per hour. The MATRIC team determ ned the production rate froma
nunber of different sources. |If the operating rate was not
known, the MATRI C team made esti mates by | ooki ng at anal ogous
tests or experinents.

Where neither the duration nor the quantity produced was
explicitly stated on supporting docunentation, the MATRI C t eam
| ooked at simlar runs and tal ked to people who actually
conducted the experinents to obtain additional information. The
MATRI C team then used its technical judgnment to determ ne when a
particul ar experinment began and ended. However, this was
necessary for only a small percentage of the identified runs.

| f the anobunt of product produced was not explicitly stated
on the docunentation but the raw materials were nentioned, the
MATRI C team nade estinates on yields or efficiencies based on
information in the docunents, its own know edge, or information
frominterviewees. The MATRIC team used the data on the raw
materials and its estinmates on yields or efficiencies to
cal cul ate the anount of product nmade and then cal cul ated duration
usi ng the anmount of product nmade and the operating capacity or

operating rate.
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If the MATRIC team found a strategic run plan but not a run
report, then it estimated the length of the run. The MATRIC t eam
made these estinmates on the basis of interviews with people who
wor ked on the projects and data from anal ogous runs with the sane
technol ogy. The nanmes of the people who assisted the MATRIC t eam
are not docunented in the table of identified runs but are
included in the interview notes. QOher than with respect to the
cable and wire business, Dr. Wadia did not check his production
esti mat es agai nst PCDs because the annual PCDs woul d show t he
entire quantity of the product produced in the year, not the
quantity produced during the duration of the experinents.

In sone cases the MATRIC teamreported the duration of an
identified run as shorter than the total duration of the
activity. In those cases the MATRIC team i ncluded only the
portion of the run that it determned related to experinentation.
For exanple, if UCC personnel conducted experinents only between
the time a run started and the tinme the unit reached a steady
state, the MATRIC teamincluded only the tinme required to reach a
steady state in the duration of the identified run. |If a run was
conducted for the purpose of determ ning whether it would produce
a product of acceptable quality, the MATRIC teamtreated the
experinmental portion of the run as ending when that determ nation
was made. However, if the researchers continued to experinent

after the unit reached a steady state, the MATRIC team woul d al so



- 153 -
include the tinme when experinentation occurred in the total
duration. In a small nunber of cases it was not clear when the
experinmental portion began or ended, and in those cases the
MATRI C team nade an estinmate based on its know edge, simlar
runs, and information frominterviewees. The MATRI C team used
the total run duration for nost of the identified runs conducted
in the polyol efins area because of the conplexity of that area,
but it frequently used a partial run duration for identified runs
conducted in the industrial chemcals area where the systens are
nore predictable. The MATRIC team noted when it used a parti al
run duration in the comments section of the table of identified
runs.

The MATRIC team al so noted in the comments section of the
table of identified runs when it made assunptions about run
duration. According to the comments section, the MATRIC t eam
made assunptions with respect to about 225 identified runs. W
find that nost of these assunptions were reasonable. However,
the parties dispute the duration of the identified runs discussed
bel ow.

i Nat ural and Forced Draft Burner Tests
(Runs 1 through 11, 95, and 96)

Runs 1 through 11 involved tests on natural draft burners.
Runs 95 and 96 involved tests on forced draft burners. UCC
prepared a report for the natural draft burner tests and anot her

report for the forced draft burner tests.
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UCC conducted the tests on natural draft burners to
determ ne the nost energy efficient operating paraneters for the
furnaces. UCC collected data for runs 1 through 11 from January
to October 1985.

UCC conducted runs 1 through 11 on nine furnaces equi pped
with natural draft burners (furnaces 1, 4, 5, 7, 9, 14, 15, 18,
and 243). UCC conducted an 11-point test on each of nine
burners and al so conducted additional tests on furnaces 9 and 15.
It appears that Dr. Wadia determ ned that there were 11 runs by
i ncluding one run for each of the nine furnaces and two
additional runs for the second tests conducted on furnaces 9 and
15. However, Dr. Wadia did not distinguish between the 11 runs
in his expert report.

The duration of each of the natural draft burner tests was
reported in the natural draft burner report as 1 to 1-1/2 days.
Dr. Wadia used the mdpoint, 30 hours, as the duration of each of
these runs. This was a conservative estinmte because each of the
11 test points |asted about an hour, so the tests nost |ikely
occurred over 1-1/2 work days, not 24-hour days.

UCC al so tested the effects of fuel specified gravity on

energy use on furnace 9. UCC ran a 13-point test at three

%4As di scussed below, natural draft burner tests were al so
conducted on furnaces 10 and 12, but those tests were conducted
to collect baseline data for the forced draft burner tests in
1983, not as part of the natural draft burner tests that took
pl ace in 1985.
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different gravities. The extra test points added approxi mately 2
hours to this test, but UCC could still reasonably conplete the
test within 30 hours.

The natural draft burner report refers to two separate 11-
poi nt tests conducted on furnace 15. During one test UCC
col |l ected data over a 23-hour period, and during the second UCC
col |l ected data over a 25-hour period. However, the engi neer
conducting the test would not typically collect data continuously
over the entire test period.

The natural draft burner report also refers to the
i npl enentati on of a new nmeasurenent technique called the Bunker-
Rano control technique. However, the technique was al ready well
understood at that point, and UCC did not test or experinment with
this technique as part of the natural draft burner tests.

Runs 95 and 96 were conducted on forced draft burners on
furnaces 10 and 12 in 1984.3% UCC installed the forced draft
burners in early 1984 or |late 1983. Before installing the new
burners, UCC collected data fromthe natural draft burners on
furnaces 10 and 12 to conpare with data that UCC woul d col | ect
after installing the new burners. W find that the tests on the
natural draft burners on furnaces 10 and 12 occurred in |late

1983. The natural draft burner tests conducted on Furnaces 10

3Dr. Wadia originally determ ned that runs 95 and 96
occurred in 1985 but corrected the date in his suppl enmental
report. Respondent agrees that these runs occurred in 1984.
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and 12 are not included in runs 1 through 11, 95, or 96 (or
el sewhere on the table of identified runs).

The purpose of runs 95 and 96 was to neasure the energy
efficiency of the forced draft burners and conpare the results
with the tests on Furnaces 10 and 12 before the new burners were
installed. UCC conducted two 11-point tests and one 7-point test
on Furnace 10 during Run 95 and three 11-point tests on Furnace
12 during Run 96. Dr. WAdia determ ned that the durations of
Runs 95 and 96 were 20 and 24 hours, respectively. Dr. Wadia
believed this was a reasonabl e esti mate because each point would
take at |least half an hour. The test data collected on Furnaces
10 and 12 with both the natural and forced draft burners were
reported in the forced draft burner report.

The forced draft burner report also included data taken to
measure NOx in order to aid UCC in conplying with environnenta
regul ations. The data was collected from Furnaces 10 and 12,
which were fitted with forced draft burners at the tine, and
furnaces 3, 5, 6, 7, and 8, which were natural draft burners. To
collect the data, UCC put an anal yzer on the stack gas portion of
t he furnaces, which detected the anobunt of NOx floating up in the
furnace. UCC did not nmake any changes to the furnaces outside
the normal operating wi ndow. The purpose of collecting these

data was to verify representati ons made by the burner vendors
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regardi ng NOx production. Dr. Wadia did not include these data
collection activities on the table of identified runs.

ii. Nal co 5211 Tests (Run 15)

Dr. Wadia identified two tests of a coke inhibitor known as
Nal co 5211 as runs 15 and 566.3% Run 15 was conducted on furnace
23 in Taft’s Aefins-2 unit in 1986 and 1987. The overal
purpose of the test was to determ ne the effectiveness of Nal co
5211 as a coking inhibitor. One objective of the test was to
gat her enough information to determ ne whether Nal co 5211
i nproved operations enough to justify the inhibitor’s cost.

Dr. Wadia determned that run 15 |asted for 110 days, which
is the amount of tinme that the furnace ran after Nalco 5211 was
injected before the furnace was shut down. The test run ended
prematurely because the furnace was upset. UCC predicted that
the furnace would run for about 150 to 220 days if no upsets
occurred.

According to the project report, the data collected after
Nal co 5211 had been injected were conpared to data collected from
five base case runs on furnace 23 when no inhibitor had been
injected and furnace 23 operated normally. A “base case” refers
to the collection of data during normal operations to serve as a

reference to conpare to data collected during an experinment or

%6The parties only dispute the duration of run 15.
Accordingly, references to the Nalco 5211 test are only to run
15.
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after an operational change has occurred. The five base case
runs spanned 292 days from January to Decenber 1985. The base
case data were the sane data normally collected by conputer and
woul d have been collected even if UCC did not intend to test
Nal co 5211 on Furnace 23. An analysis of the base case data
i ndicated that UCC s furnaces could run for 60 to 90 days between
decoki ngs under normal conditions wthout an inhibitor instead of
30 to 45 days as previously believed.

Foll owi ng the test, UCC concluded that there was little
econom c incentive at Taft to justify the use of Nalco 5211 and
t hat savings could be realized by extending the furnace run tines
wi t hout addi ng an inhibitor.

Dr. Wadia did not include the base case runs in his expert
report because UCC did not change any process vari abl es before
t he base case runs. Therefore, Dr. Wadia did not believe that
they involved a process of experinentation. M. Toivonen, in her
expert witness report, determ ned that the Nalco 5211 test cost
$1, 419, 392. 24 excluding the cost of the base case runs. M.
Hal | e, one of respondent’s expert w tnesses, estimted that the
base case runs woul d have cost about $5.4 mllion using Ms.

Hi noj osa’ s net hodol ogy for costing the Anbco anti coking project.
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iii. Vinyl Acetate Catal yst Protection
Tests (Runs 47 and 48 and Runs 594 and

596)

The vinyl acetate catalyst protection tests (runs 47 and 48)

involved runs in the vinyl acetate unit. The goal of these runs
was to protect the expensive catalyst fromlow | evel s of iodine,
which comes in as an inpurity with acetic acid. In run 47, a
smal | (about a quarter of an inch) pilot tube was installed in
the process streamto divert sone of the feedstock to create a
slipstream UCC would then test the performance of a silver-
containing resin for renoving iodine fromthe acetic acid feed.
The purpose of the run was to test the physical strength of the
resin, which was being used as a trap bed for iodine, over a
period of 2,400 hours to determ ne whether m nor conponents in
the acetic acid feed would have a deleterious effect on the
resin.

For run 47 Dr. Wadia treated the experinment as having a
duration of 12 hours, which was the tine it took to set up and
t ake down t he apparatus and determ ne whether the material had
mai ntai ned its physical integrity. Dr. Wadia did not count the
2,400 hours that the tube was in place as part of the test
because there was no nonitoring during that time. Furthernore,
Dr. Wadia treated the product quantity as zero because the anobunt

of feedstock going through the tube was so small conpared to what
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was goi ng through the main process and it would be very difficult
to quantify.

Run 48 was very simlar to run 47 except that run 48
involved a larger tube and full-scale trap bed nade of the sane
material. The purpose of Run 48 was simlar to that of run 47
except that UCC al so wanted to determ ne whether there would be
ot her issues wth scaling up the channeling.

For run 48 Dr. Wadia treated the duration as 720 hours,
which was the tine it would take to get a good indication of
stability. The comment section on the table of identified runs
does not provide any additional details as to how Dr. WAdi a
concluded that the duration of the run was 720 hours. Dr. WAdia
did not include the entire duration of the run because the plant
woul d have continued to operate as normal even if the experinent
never happened.

Dr. Wadi a again treated the production quantity as zero
because the sane materials that were used during run 48 were al so
being used in a simultaneous plant test of a new catalyst in the
unit (Run 153) and Dr. WAadia did not believe that it was
appropriate to double count the materi al s.

Dr. Wadi a used the sane net hodol ogy (including only the
feedstock material flow ng through the parts of the process in
whi ch the tests were being conducted) for runs 594 and 596, which

al so used a slipstream Dr. Wadi a used a duration of 216 and 96
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hours for runs 594 and 596, respectively. Dr. WAdia determ ned
that 3,000 and 3,800 pounds of products were produced during runs
594 and 596, respectively.

iv. Butyl Acetate Capacity | ncrease Test

(Run 161)

UCC conducted the butyl acetate capacity increase test (run

161) to test an increase in butyl acetate production by

i ncreasing the nunber of refining colum trays in the esters
batch still. The trays were installed in January 1987 and
removed in February 1987. Dr. Wadia treated the run as lasting 4
days even though the trays may have been in place for up to 2
months. Nothing in Dr. Wadia s expert reports explains how he
determ ned this duration.

V. MEK Production Test (Run 175)

The MEK production test (run 175) involved the production of
met hyl ethyl keytone (MEK) at Institute from August 27 to Cctober
5, 1988 (6 weeks). The production canpaign responded to a severe
mar ket shortage of MEK. This run was UCC s first attenpt to nake
MEK. According to the project report, UCC collected data for the
first 914 hours of the run.

Dr. Wadi a assuned that the startup and experinentation
involved in the project took 2 weeks, and accordingly treated the
duration as 336 hours. Nothing in Dr. WAdia' s expert reports
explains how Dr. Wadia arrived at the conclusion that the startup

and experinentation took only 2 weeks.
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Vi . Secondary Refining System Test (Run 178)

The secondary refining systemtest (Run 178) involved a
pl ant test conducted on the secondary refining systemfor the
pur pose of optim zing the ethanol refining system The test
i nvol ved feeding the primary extractive columm overheads directly
to the lights colum to imedi ately separate acetal dehyde and
ether fromethanol. The lights colum tails were then fed to the
secondary extractive columm. The secondary refining system
project |lasted 2 weeks. However, Dr. WAadia assunmed a duration of
1 week. Nothing in Dr. Wadia s expert reports explains how he
arrived at this concl usion.

Vii. Spani sh Fernent ati on Et hanol Refini ng
Test (Run 180)

The Spani sh fernmentation ethanol refining test (run 180)
i nvol ved the refining of Spanish fernentation ethanol wth a goal
of producing 200 proof ethanol. Dr. WAdia assuned a 4-day
duration although about 11 days of testing were reported.
Nothing in Dr. Wadia' s expert reports explains how he arrived at
t hi s concl usi on.

Viiil. Et hanol Tertiary Recovery Test (Run

181)

The ethanol tertiary recovery test (run 181) was conducted

for the purpose of optim zing the separation of propanol and the
recovery of ethanol in the ethanol residue colum. Dr. WAdia

assunmed a 4-day duration even though about 15 days of testing
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were reported. Nothing in Dr. Wadia' s expert reports expl ains
how he arrived at this concl usion.

i X. Mexi can Fermentati on Et hanol Refi ni ng
Test (Run 184)

The Mexican fernmentation ethanol refining test (run 184)
i nvolved the refining of Mexican fernentation ethanol with the
goal of producing specification ethanol. Dr. Wadia assuned a 4-
day duration although a 1-week test was reported. Nothing in Dr.
Wadi a’ s expert reports explains how he arrived at this
concl usi on.

X. Pr opi oni ¢ Aci d Hydr ogen Per oxi de
Treat nent Test (Run 190)

The propionic acid hydrogen peroxide treatnment test (run
190) invol ved the addition of small quantities of hydrogen
peroxide to the process for making propionic acid. It began on
February 18, 1987, and |l asted 10 days. Dr. Wadia assuned a test
period of 4 days. Nothing in Dr. Wadia' s expert reports expl ains
how he arrived at this concl usion.

xi . Adi abatic Hydrogenati on Beds
Rearr angenent Test (Run 198)

The adi abati c hydrogenati on beds rearrangenent test (run
198) invol ved rearrangi ng the order of the adiabatic
hydr ogenati on beds used to make butanol in order to inprove
product quality. The order was changed on February 29, 1984, and

data were collected on March 21, 1984. Dr. Wadi a determ ned t hat
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the duration of run 198 was 4 days. Nothing in Dr. Wadia's
expert reports explains how he arrived at this concl usion.

Xii. But anol Refining Test (Run 202)

The butanol refining test (run 202) involved adjusting the
base tenperature on the butanol refining forecolum. A 2-week
test was reported, but Dr. WAdia determ ned a 4-day duration.
Nothing in Dr. Wadia' s expert reports explains how he arrived at
t hi s concl usi on.

xiii. DI BK Recycle to M xed Keytones
Converters Test (Run 608)

The DIBK recycle to m xed keytones converters test (run 608)
was a process enhancenent test to suppress the formation of
di i sobutyl ketone (DI BK). The test was conducted between Cctober
25 and Novenber 23, 1988. However, Dr. Wadi a determ ned that the
portion of the test from Novenber 1 to 8 denonstrated the
catal yst performance and trends. Dr. Wadia does not explain in
hi s expert reports how he chose Novenber 1 and 8.

V. Base Period OREs

Ms. Toi vonen, one of petitioner’s expert w tnesses,
cal cul ated the supply and wage costs UCC incurred in conducting
the identified runs, including runs 807 through 820, which
petitioner concedes occurred during the base period and
constitute qualified research under section 41(d). Ms. Toivonen

is a partner with the public accounting firmof Ernst & Young LLP
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(E&Y). In perform ng her assignnment Ms. Toivonen |ed a team of
E&Y accounting professionals ranging from 10 to 75 peopl e.

In addition, four current or former Dow UCC cost accountants
(it ncluding Ms. Hi nojosa) assisted Ms. Toivonen in the costing
process. M. Hi nojosa and her coll eagues identified the |ead
PCDs (the page of the PCD that is tied to the product produced in
a specific run) and the MASs relating to the products M.

Toi vonen costed. M. Hi nojosa al so consulted on other issues.

As di scussed above, Ms. Toivonen obtained the production
quantities and run durations fromthe MATRIC teamfor runs 1
through 806. In situations where Dr. Wadi a’s production quantity
exceeded the production quantity reflected on the | ead PCD, M.
Toi vonen used Dr. WAadia’s production quantity to calculate the
cost of the run, to be conservative. M. Toivonen did not
i ndependently verify the MATRIC teamnm s concl usi ons regardi ng run
duration or production quantity, and the MATRIC team di d not
review Ms. Toivonen’s costing of the identified runs.

Ms. Toi vonen determ ned the run durations and production
guantities for runs 807 through 820 using UCC s accounting
records, not information provided by Dr. Wadia. Petitioner’s
counsel provided Ms. Toivonen with the accounting records that
related to these runs. M. Toivonen did not have access to al
of the technical docunents produced in this case. However, when

Ms. Toivonen felt that she needed additi onal docunents, she asked
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petitioner’s counsel to see whether nore information was
avai l able. M. Toivonen did not conduct an independent search
for information relating to these runs because the Court directed
Ms. Toivonen to rely on the factual record that existed at the
end of the base period trial. M. Toivonen used historical UCC
cost accounting records to calculate the costs of runs 807 to
815, 818, and 819. M. Toivonen used cost information supplied
by CMAI to calculate the costs of runs 816, 817, and 820.

A. Docunent ati on

During the base period, as in the credit years, UCC used the
mat eri al accounting system for production, inventory, and product
costing. M. Toivonen relied primarily upon PCDs and MASs to
cal cul ate the supply costs of the identified runs, which are the
sane types of docunents that Ms. Hi nojosa used to cal culate the
claimed QREs for the claimprojects. M. Toivonen al so used
ot her records such as reports of UCC s third-party purchases and
docunents from UCC s | atex business. M. Toivonen primarily used
account levels and Star’s performance history report to cal cul ate
wage costs. Mre than 90 percent of the base period cost
cal cul ati ons were based upon historical UCC accounting records.
Ms. Toivonen and her team al so used the MATRIC teani s table of
identified runs, a separate table prepared by the MATRI C t eam
that listed the materials and material quantities used in the 140

latex runs identified by Dr. Wadia, historical pricing
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informati on from CMAI regardi ng et hyl ene byproducts, and
i nformati on provided by Dow UCC cost accountants and Dow
techni cal personnel.
Petitioner was unable to find its R&D budgets for 1984,
1985, 1986, 1988, 1994, or 1995. However, petitioner provided
its R&D budgets for 1987.

B. M. Toivonen’s Costing Mthodol ogy

To devel op a nethodol ogy to cal culate the costs UCC i ncurred
in conducting the identified runs, Ms. Toivonen reviewed M.
Hi noj osa’ s expert report for the credit years and desi gned her
met hodol ogy to be consistent with Ms. Hi nojosa’s nethodol ogy.
Ms. Toi vonen included the sanme types of costs and used the sane
types of records that Ms. Hi nojosa used when it was possible.
Ms. Toi vonen’s net hodol ogy involved:® (1) ldentifying the |ead
PCDs for the runs; (2) identifying the materials that required
costing; (3) tracing the materials through UCC s accounting
records; (4) determning the unit costs of materials; (5)
calculating the total materials costs; (6) calculating the wage
costs; and (7) calculating the total run costs.

Foll owi ng this process, M. Toivonen and her team prepared

detail ed cost calculations for each identified run. Wth certain

3’As di scussed above, sone of these activities were
performed by Ms. Hinojosa and her coll eagues or the MATRI C team
In particular, Ms. H nojosa identified the | ead PCDs, and the
MATRI C team determ ned the duration and production quantities for
nmost of the identified runs.
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exceptions di scussed bel ow, each identified run is supported by:
(1) Alead PCD for the product or the closest match if the |ead
PCD was unavail able; (2) secondary PCDs and MASs used to derive
the per-unit costs of internally produced materials used in the
production of the | ead PCD product; (3) an E&Y-generated unit
cost cal cul ati on worksheet show ng the actual unit cost
calculation for each material used in the identified run; (4) an
E&Y-generated material detail report showing the total cost of
the materials used in producing the final product nade in the
identified run; (5) an E&Y-generated wage detail report show ng
t he wage cost calculation for the identified run; and (6) an E&Y-
generated summary report showing the total nmaterial and wage
costs for the identified run. The supporting docunentation was
substantially simlar for the identified runs conducted in UCC s
| at ex busi ness al though the | atex business did not use the sane
accounting records as the rest of UCC s C&P busi ness.

1. | dentifvying the Lead PCD

As di scussed above, Ms. Hi nojosa identified the | ead PCDs
for the identified runs. A lead PCD provides the materials and
mat erial quantities used in manufacturing the final product(s) in
a given year and essentially provides the “recipe” for naking the
product. Lead PCDs were not found for all of the products
produced in the identified runs. |If a lead PCD was not found for

a specific product, Ms. Toivonen used a PCD for a simlar
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product. In other cases, Ms. Hinojosa identified nore than one
| ead PCD that could have been a match for a run. |In those cases,
Ms. Toivonen selected the PCD that was the cl osest match.

2. |dentifying the Materials

In a few cases Dr. Wadia identified materials used in a run
that were different fromthe materials listed on the PCD. In
such cases Ms. Toivonen relied on the PCD because it was UCC s
of ficial cost accounting record. As a result, M. Toivonen
either would not cost the material identified by Dr. Wadi a or
woul d cost a material listed on the PCD that was different from
the material identified by Dr. Wadia. M. Toivonen did not keep
alist of materials that were identified by Dr. WAdi a but that
were not |listed on the PCDs she used because she believed that
materials would be omtted from UCC s cost accounting records
only if their costs were immaterial .

Ms. Toivonen generally did not include utilities when she
identified the materials that required costing. However, M.

Toi vonen did include the costs of the furnace gases and
refrigeration used in the ethyl ene production process because M.
Hi noj osa i ncl uded those costs when costing the claimprojects
that involved the ethyl ene production process.

3. Tracing the Muterials

To calculate the unit cost of purchased materials, M.

Toi vonen divided the total material cost for the year by the
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gquantity received. The unit cost for internally produced
materials was nore conplex. For internally produced materials
the E&Y teamidentified the applicable secondary PCDs and traced
all of the materials listed on the secondary PCDs. This tracing
process was continued until the E&Y team reached the originating
mat eri al purchases fromthird-party vendors. |Internally produced
materials frequently required nmultiple I evels of tracing.

Ms. Toi vonen and the E&Y team devel oped practical approaches
to sinplify the tracing process for internally produced
materials. For exanple, where nultiple |levels of tracing were
requi red, the tracing process was repeated until at |east 80
percent of the total material quantity had been reached. The
actual unit cost calculated fromthis material quantity was
applied to the entire anount for the material used in an
identified run. |In sone cases where an internally produced
materi al accounted for less than 5 percent of the total cost
shown on a |l ead PCD, Ms. Toivonen used UCC s annual | y updat ed
materi al standard cost. These approaches did not materially
affect the calculated cost of internally produced materials
because the standard cost reasonably approxi mated UCC s act ual
per-unit cost.

4. Determ ning the Unit Costs of Materials

Transfer costs shown on | ead PCDs represented material s

transferred to the manufacturing site from another UCC division
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or location. E&Y used MASs to determ ne the UCC division or
| ocation where the materials were originally purchased or
produced. Oher than the addition of freight or other charges,
the unit cost calculation for transfer costs was the sane for
purchased and internally produced materi al s.

Consistent with Ms. H nojosa' s treatnent of byproducts in
calculating the costs of the claimprojects, M. Toivonen and her
teamtreated the costs of byproducts as reductions in the unit
cost calculations. Actual per-unit byproduct costs were used
where these costs had been previously determ ned. Oherw se, M.
Toi vonen used historical values from CMAI because that was the
source of information that Ms. H nojosa used for her claim
project calculations. In a few instances where CVAI data were
not available, Ms. Toivonen used UCC s standard cost. \Were
byproducts represented |l ess than 5 percent of the total cost on a
| ead PCD, no reduction was taken because the inpact on overal
cost was i nmateri al

During the base period, UCC both purchased and internally
produced et hyl ene, which was a major raw material for many
chem cals and plastics. Additional cal cul ations were necessary
to determine the actual unit cost of ethylene consuned in
downst ream products. Consistent wth the nethodol ogy that M.

Hi noj osa used for the claimprojects, M. Toivonen calculated a

“Qul f Coast Weighted Average Pool ed Price for Ethylene” using the
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wei ght ed average cost of UCC s et hyl ene purchases and internal
production for each base period year.

Ms. Toi vonen used a different approach to derive the unit
costs of materials used in the 140 identified runs from UCC s
| at ex business. The |atex business did not use PCDs or MASs, and
there were no accounting records for the base period for the
| at ex business. Accordingly, M. Toivonen derived unit costs of
the materials used in the latex runs from avail abl e | at ex
busi ness docunments from ot her periods with adjustnents for
inflation where appropriate. For deionized water, which is a
hi gh-vol une, lowdollar raw material, M. Toivonen used the UCC
standard cost. Collectively, the 140 | atex runs accounted for
| ess than 1 percent of the total cost of the identified runs.

5. Calculating Total Mterials Costs

Once Ms. Toivonen cal cul ated the unit cost for each of the
materials used to nmake the product produced during a run, Ms.
Toi vonen cal cul ated the total materials cost for the product by
mul ti plying the per-unit costs by the quantities of each materi al
shown on the lead PCD (or on the MATRIC teanis “Latex Run Batch
Conmponents Table” for the latex runs). This calculation
generated the total production cost for the year for the product
manufactured in the run. M. Toivonen then divided this total
production cost for the product by the total quantity of the

product produced in the year to generate a per-unit cost of the
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product manufactured. M. Toivonen and the E&Y teamthen
multiplied this per-unit cost by the quantity of product nade
during the identified run to determine the total material cost
for the run. As discussed above, Ms. Toivonen obtained the
production quantities fromDr. Wadia for runs 1 through 806.

6. Calculating the Wage Costs

Ms. Toi vonen determ ned wage costs for each identified run
by multiplying the run duration (supplied by Dr. Wadia) by a
cal cul ated hourly wage rate for the UCC manufacturing unit in
whi ch the run was conducted. Ms. Toivonen derived the hourly
wage rates from account |evels, which reported both budgeted and
standard | abor cost information for the budget accounts wthin
UCC | ocations. M. Toivonen then adjusted the standard | abor
costs to actual costs by an allocation of the deviation accounts,
whi ch represent the differences between standard and actual | abor
costs. To calculate the hourly wage rates, M. Toivonen created
“wage groups” based on common manufacturing areas at UCC pl ants.
Ms. Toi vonen then cal cul ated “wage group dollars” based on the
actual direct |abor costs of each wage group as well as the
al | ocabl e portion of shared | aboratory and shift adm nistration
| abor costs. WAge group dollars represented an aggregate cost of
all enpl oyee-rel ated wages and benefits associated with a UCC

manufacturing unit. M. Toivonen cal cul ated “wage group dollars
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per production unit hour” by dividing wage group dollars by the
wage group’s total production unit hours.

The above net hodol ogy for cal cul ati ng wages was used for al
identified runs except for the latex runs and the runs conducted
at Star between 1985 and 1988. Because account |evels were not
avai l able for these runs, Ms. Toivonen estinmated hourly wage
rates on the basis of the best available information.

Ms. Toivonen determ ned that the total wage cost for al
identified runs was approximately $7.937 mllion, or about 5.87
percent of the total run costs. For the claimprojects, M.

Hi noj osa determ ned that wages accounted for only 1 percent of
the total project costs. Furthernore, the wage rates for

approxi mately 98 percent of the identified runs were higher than
the wage rates used by Ms. Hinojosa. The reason for these

di fferences was that Ms. Toivonen's approach to costing the
identified runs was nuch nore conprehensive than that used by M.
Hi noj osa and the records available for the base years were nore
detailed than those available for the credit years. In
particul ar, budget reports were not available for the credit
years. However, since Ms. Toivonen did not have data for wages
paid at the Star plants for 1985 through 1988, she used the Star
pl ant performance history report that was consistent w th what
Ms. Hinojosa used for the credit years. Furthernore, since M.

Toi vonen did not have accounting records for the |atex business,
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she estimted the wages for that business using information
provi ded by the MATRIC team The MATRIC team al so cal cul ated the
run costs for the crystal products business because there were no
accounting records available for that facility.

7. Cal cul ating the Total Run Costs

Ms. Toivonen and the E&Y teamthen added the total materials
cost to the total wage cost for each identified run to calculate
the total cost of each identified run

8. Exceptions to Ms. Toivonen's CGeneral Costing
Met hodol ogy

Certain identified runs involved extraordinary situations
requiring Ms. Toivonen and the E&Y teamto devel op and apply
speci al costing rules.

The first exception was for sequential runs. Wen the
manuf act ured product of an initial run was used as a material in
a subsequent run, the costs of the manufactured product fromthe
initial run were excluded fromthe second run calculation to
avoi d doubl e counti ng.

Different treatnent was also required for runs where third
parties contributed materials at no charge. |In these cases no
cost was assigned to the contributed material s.

The next exception occurred when materials used to produce
t he manuf actured product included some quantity of the sane
manuf act ured product that was treated as a work-in-process, such

as recycled materials. In these cases the material quantity was
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netted agai nst the production quantity as shown on the | ead PCD
and the cost of the work-in-process material was excluded from
the total cost on the PCD

Ms. Toivonen cal cul ated the cost of materials used in sone
et hyl ene furnace tests differently. The MATRI C team di d not
provi de production quantities for sone identified runs perforned
on et hyl ene furnaces because the ethyl ene was nmass produced in
mul ti ple furnaces. In those cases, Ms. Toivonen cal cul ated an
hourly production rate for one furnace and nultiplied the rate by
the run duration as shown on the MATRIC table of identified runs.

Anot her exception was necessary when the PCDs for certain PE
products made at Seadrift did not specify a nonenclatured resin
but instead identified a generic “fluff” product. To identify
the correct lead PCD for runs making these products, M. Toivonen
used run-specific information such as the unit, density,
conononer, catalyst, and cocatalyst. Were there were nultiple
PCDs involving fluff resins with run-specific characteristics,

Ms. Toi vonen cal cul ated a wei ghted average per-unit cost for the
identified run fromthe PCDs.

Ms. Toi vonen nmade an exception for the Oxo-12 LPO vapori zer
capacity test (run 193) because the |l ead PCD reflected three
manuf actured products with two different units of neasure. In
addi ti on, one manufactured product had a work-in-process materi al

adjustnent. Calculating a per-unit cost for the rel evant
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manuf act ured product required the quantity of the rel evant
product to be isolated on the PCD as a production quantity. One
of the other manufactured products had to be recategorized as a
byproduct, and the other had to be netted as a work-in-process
mat eri al adj ust ment.

Ms. Toi vonen al so nade an exception for identified runs
where the | ead PCD reported significant negative materi al
guantities, resulting in a negative per-unit material cost. A
negative per unit material cost was typically the result of UCC s
reclassification of a material or sone other adjustnent. M.

Toi vonen corrected these quantities based on the forecasted
contribution of the material to the standard cost shown on the
PCD.

The next exception was for the crystal products business.
UCC accounting records were not available for the crystal
products business in Washougal, which was sold in the |ate 1990s.
Accordingly, M. Toivonen and the E&Y team did not conpute the
cost of plant-based R& activities for this business. The MATRI C
team estimated that the cost of the identified runs conducted as
part of the crystal products business (runs 687 through 691) was
$472, 000 per year.

Ms. Toivonen al so used a different nethodol ogy for the runs
conducted by Rohm & Haas before UCC acquired the Triton assets.

Ms. Toi vonen and the E&Y team determ ned material and | abor costs
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for the runs using Rohm & Haas docunentati on and made adj ustnents
based on the Consuner Price |Index, as published by the U S
Departnent of Labor, Bureau of Labor Statistics.

The | ast exception was for identified runs where the table
of identified runs did not report any production for the run.
For those runs Ms. Toivonen obtained the materials and quantities
consuned fromthe MATRI C team and then used the general costing
met hodol ogy di scussed above.

C. Ms. Toi vonen' s Concl usi ons

Ms. Toi vonen concluded that, in her opinion, the total cost
of all of the identified runs (the initial 793 identified runs

and runs 807 through 820) for each base period year was as

fol |l ows:
Cost of

Year | dentified Runs
1984 $17, 433, 643
1985 22,837,583
1986 38, 870, 319
1987 22,396, 571
1988 33,574, 796

Tot al 135,112,912

D. Di sputed Cal cul ati ons

The parties dispute Ms. Toivonen’s cal cul ations of the

followi ng runs.® Accordingly, we discuss them bel ow.

%8Respondent al so questions Ms. Toivonen's reliance on Dr.
(continued. . .)
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1. Acrolein Refining System Capacity Test (Run
128)

Dr. Wadi a determ ned that UCC produced 1.8 mllion pounds of

product in the acrolein refining systemcapacity test (run 128).
However, Ms. Toivonen treated the production quantity as 90, 000
pounds. Ms. Toivonen determ ned that the unit cost per pound was
$0. 16588 and accordingly cal culated the total run material cost
to be $14,929.27. Had Ms. Toivonen treated the run production
quantity as 1.8 mllion pounds, the total run material cost would
have been $298, 584, a difference of $283,654.73. M. Toivonen
testified that the di screpancy mght be attributable to a unit of
measur e conversion, but she did not explain the discrepancy in
her expert report.

2. Propyl D propasol Refining Test (Run 171)

Dr. Wadia |listed sodi um hydroxi de as the catal yst for the
propyl dipropasol refining test (run 171) on the table of
identified runs. However, the PCD that Ms. Toivonen used to cost
the run does not reference sodi um hydroxide. Instead, the PCD
lists sodium propylate as a raw material. Accordingly, M.

Toi vonen cal cul ated the cost of sodium propyl ate i nstead of

sodi um hydr oxi de when costing the run.

38(...continued)
Wadi a’s determ nations of the durations and production quantity
for the runs discussed in sec. I1V.B.3.f., above. However,
because we have already di scussed the facts relating to those
runs, we need not address them again here.
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Ms. Toivonen determned that the unit cost of sodium
propyl ate for 1988 was $1.04607. For the cellosol ve solvent test
(run 576) Ms. Toivonen determned that the unit cost of sodium
hydroxi de pellets in 1985 was $0. 2375 per pound.

3. | sophorone M ds Conversion Test (Run 173)

Dr. Wadia |listed potassium carbonate as the catalyst for the
i sophorone mds conversion test (run 173) on the table of
identified runs. Because potassium carbonate was not |isted on
the lead PCD for this run, Ms. Toivonen did not include the cost
of potassium carbonate when she costed the run. According to a
project report for the run, UCC used 15 gallons of potassium
carbonate. Ms. Toivonen determ ned that potassium carbonate cost
34 cents to 95 cents per pound for other identified runs.

4. Secondary Refining System Test (Run 178)

Dr. Wadia’s report states that part of the secondary
refining systemtest (run 178) included a 2-day test with a
caustic addition. However, M. Toivonen did not |ist any caustic
additives as materials used in this run. The cost of caustic
solutions in other runs ranged from6 cents to 25 cents per
pound.

5. Napht ha- Sul fur I njection Test (Run 807)

The napht ha-sul fur injection test involved the injection of
naphtha into the production process. The purpose of the run was

to determ ne whether the normal diethyl sulfide (DES) injection
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could be replaced with naphtha in the gas feed to the cracking
furnaces w thout causing problens to furnace operations or
i ncreasi ng carbon nonoxi de | evel s.

In costing the naphtha-sulfur injection test Ms. Toivonen
did not include the costs of the equipnent required to inject the
napht ha. The equi pment cost approxi mately $2,500 per furnace.
Ms. Toi vonen did not include the costs of the equi pnent because
she considered those to be capital costs, not supplies or wages.

Ms. Toi vonen also did not calculate the cost of naphtha as a
separate material for the naphtha-sulfur injection test because
the lead PCD did not |ist naphtha. However, the cost of the
napht ha may have been captured on a secondary PCD which M.

Toi vonen used to calculate the costs of materials |listed on |ead
PCDs. It is also possible that Ms. Toivonen included the cost of
DES instead of naphtha, although DES is not |isted on the |ead
PCD as a material used in the production of ethylene.

Ms. Toivonen determ ned that the naphtha-sul fur injection
test lasted 35 days. The technical report for the test, witten
on January 20, 1986, states that the test began on Decenber 16,
1985. Ms. Toivonen allowed 1 day for preparation of the report.

6. Met hyl mer capt opr opanal (MVP) Refrigeration
Tests (Run 810)

Run 810 consisted of two MW refrigeration capacity tests.
The first test was designed to evaluate transfer chiller control

at negative 10 degrees Centigrade instead of negative 17 degrees
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Centigrade as a neans to mnimze super-cooling, which could
cause MW to freeze or hydrates to form The second test was
designed to estimate the anbient heat gain of the day tanks and
storage tanks as a neans to verify assunptions that UCC s
engi neering division used in cal cul ati ons.

Ms. Toivonen did not include any utility costs in the cost
of the MW refrigeration tests. M. Toivonen determ ned that
utility costs should not be included in the cost of the run
because Ms. Hinojosa generally excluded utility costs unless they
were extraordinary. M. H nojosa found utility costs to be
extraordinary only in the production of ethylene. Accordingly,
Ms. Toivonen considered electricity to be an extraordi nary cost
only when a run involved the production of ethylene. In other
situations, M. Toivonen did not calculate the cost of
electricity because it was not captured in UCC s accounti ng
records. Accordingly, M. Toivonen had no basis for determ ning
whet her the cost of electricity was extraordinary.

OPI NI ON

The research credit was introduced with the enactnment of the
Econom ¢ Recovery Tax Act of 1981, Pub. L. 97-34, sec. 221(a), 95
Stat. 241.3% Congress enacted the research credit to “stimulate
a higher rate of capital formation and to increase productivity”,

S. Rept. 97-144, at 76-77 (1981), 1981-2 C B. 412, 438-439; H

3The research credit was originally included in sec. 44F.
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Rept. 97-201, at 111 (1981), 1981-2 C.B. 352, 358, and “to
encourage business firns to performthe research necessary to
i ncrease the innovative qualities and efficiency of the U S
econony.” S. Rept. 99-313, at 694 (1986), 1986-3 C.B. (Vol. 3)
1, 694; H. Rept. 99-426, at 177 (1985), 1986-3 C.B. (Vol. 2) 1,
177. Congress found research to be essential to Arerica's
econom c progress and conpetitiveness. H Conf. Rept. 100-1104,
at 88 (1988), 1988-3 C. B. 473-578.

However, in 1986 Congress becane concerned that taxpayers
were interpreting the research credit too broadly and that “sone
taxpayers * * * clained the credit for virtually any expenses
relating to product developnent.” S. Rept. 99-313, supra at 694-
695, 1986-3 C.B. (Vol. 3) at 694-695; see also H Rept. 99-426,
supra at 178, 1986-3 C.B. (Vol. 2) at 178. Therefore, Congress
anended the research credit by the Tax Reform Act of 1986, Pub.
L. 99-514, sec. 231(b), 100 Stat. 2173, to provide a definition
of “qualified research”.

The research credit was intended to apply to increnental
research and experinental expenditures in order to overcone the
resi stence of businesses to bearing the costs that nust be
incurred to initiate or expand research prograns. H Rept. 97-
201, supra at 111, 1981-2 C. B. at 358; see also Staff of Joint
Comm on Taxation, Ceneral Explanation of the Econom c Recovery

Tax Act of 1981, at 119-120 (J. Comm Print 1981) (“The new
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credit applies only to increases in qualified research
expenditures, in order to encourage enlarged research efforts by
conpani es which al ready may be engaged in sone research
activities.”). The goal of the research credit was to encourage
research activity that would not otherw se have been undert aken.
135 Cong. Rec. S13114, S13125 (daily ed. COct. 12, 1989) (Senate
Fi nance Commttee Report on Title VI, Revenue Reconciliation Act
of 1989, Subtitle A, Extensions of Certain Expiring Tax
Provi si ons) .

Section 41(a)(1) allows taxpayers a credit against incone
taxes in an amount equal to 20 percent of the excess (if any) of
the taxpayer’'s QREs for the year over the base amount.* To
determ ne the anount of a taxpayer’s QREs, the taxpayer nust
determ ne whether any of its activities constitute “qualified
research” as defined in section 41(d), and then determ ne which
costs attributable to the qualified research constitute QREs
under section 41(b). QREs include in-house research expenses and
contract research expenses. Sec. 41(b)(1).

The base anmount is generally the product of the fixed-base
percentage and the average annual gross receipts of the taxpayer
for the 4 years preceding the credit year. Sec. 41(c)(2). The

fi xed-base percentage is normally the | esser of 16 percent or the

40Sec. 41(a)(2) does not apply in this case. Sec. 41(a)(3)
was added in 2005. Energy Policy Act of 1985, Pub.L. 109-58,
sec. 1351(a)(1l), 119 Stat. 594, 1056.
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percentage that the aggregate QREs of the taxpayer for the
t axabl e years beginning in the years 1984 through 1988 (the base
period) is of the aggregate gross receipts of the taxpayer for
those years. Sec. 41(c)(3)(A). However, the base anount may not
be | ess than 50 percent of the QREs for the credit year. Sec.
41(c) (2). The parties do not dispute the anbunt of UCC s annual
gross receipts for the 4 years preceding the credit years or for
t he base period. Accordingly, we need only determ ne the anobunt
of UCC s additional QREs for the base period to be able to
recal cul ate the base anount.

A taxpayer nust determne its QREs to be taken into account
in conputing its fixed-base percentage “on a basis consi stent
wth” its determnation of QREs for the credit year (the
consi stency requirenent). Sec. 41(c)(4).4 Accordingly, the
t axpayer nust include the sane types of activities fromthe
credit year and the base period when identifying qualified
research activities and include the sanme types of costs as QREs
for the credit year and the base peri od.

Respondent argues that petitioner has failed to prove that
any of the claimprojects constitute qualified research within

t he neani ng of section 41(d). Even if sone of the claimprojects

41'n 1996 the consistency requirenent was redesignated
subsec. (c)(5). Small Business Job Protection Act of 1996, Pub.
L. 104-188, sec. 1204(c), 110 Stat. 1774. In 2006 the
consi stency rule again was redesi gnated subsec. (c)(6). Tax
Relief and Health Care Act of 2006, Pub. L. 109-432, div. A sec.
104(c) (1), 120 Stat. 2935.
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constitute qualified research, respondent al so argues that
petitioner has not satisfied the consistency requirenent because
it has not proved that it included all simlar activities inits
base period conputations. Respondent further argues that even if
petitioner has satisfied these requirenents, it has not
established that it incurred any additional QREs not already
taken into account for the credit years because petitioner is
claimng production costs as QREs. To the extent that petitioner
has incurred additional credit year QRES, respondent argues that
petitioner failed to establish that it used a consistent nethod
to calculate its revised base period QREs. Respondent al so
argues that petitioner failed to substantiate its credit year and
base period activities, made unreliable assunptions and
estimations to calculate its clainmed credits, and asks the Court
to rely on conclusory opinions of its expert. W address these
argunents in turn.

|. The Experts

Both parties rely on expert opinions to support their
argunents. W evaluate expert opinions in the light of all of
the evidence in the record, and we are not bound by the opinion

of any expert witness. Helvering v. Natl. Gocery Co., 304 U S

282, 295 (1938); Shepherd v. Comm ssioner, 115 T.C 376 (2000),

affd. 283 F.3d 1258 (11th Cr. 2002). W may reject, in whole or
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in part, any expert opinion. Estate of Davis v. Comm SsSioner,

110 T.C. 530, 538 (1998).

A. Petitioner’'s Expert Wtnesses

1. Peter Spitz

Petitioner introduced expert testinony by Peter Spitz
regarding the role of plant-based research. M. Spitz is a
chem cal engi neer who has witten two books on the petrochem cal
i ndustry, consulted for petrochem cal conpanies for several
decades, and testified as an expert witness regarding the role of
pl ant -scal e R&D for petrochem cal s.

2. G | bert Fronent

Petitioner introduced expert testinony by Gl bert Fronent
regardi ng the Anoco anticoking project. Dr. Fronment is a
prof essor of chem cal engineering at Texas A&M University with
about 50 years of experience teaching and consulting in the field
of thermal cracking for olefins production. He has witten at
| east 70 scientific papers dedicated to issues in olefins
production, and several of these papers specifically related to
coke formation and its consequences. Dr. Fronent is a nenber of
several professional associations and has desi gned thernma
cracking pilot plants in which he has | ed studies of coke

formation and its consequences.
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3. Ri chard Martin

Petitioner introduced expert testinony by R chard Martin
regardi ng the spuds project. Dr. Martin has over 30 years of
experi ence devel opi ng, designing, and testing conbustion
equi pnent for the refining and petrochem cal industries. Dr.
Martin was previously enployed by the John Zink Co. and was
involved in the devel opnment and testing of the radiant wall
burners that are currently installed in the furnaces used in
Taft’s Aefins-2 unit.

4. Nor nen Br ocknei er

Petitioner introduced expert testinmony by Nornman Brockneier
regardi ng the UCAT-J commrerci alization program conducted at Star
in general and the UCAT-J project that took place during the
credit years in particular. Dr. Brockneier is a |licensed
pr of essi onal engi neer, president of OGakwood Consulting, Inc., and
a Fellow of the AIChE. He has nore than 40 years of industrial
experience. H s specialty is polyolefin process design and
catal ysis, and he has many publications and design projects in
this field.

5. M. Hi nojosa

Ms. Hinojosa, a former cost accountant for UCC and currently
an accountant for Dow, cal culated the costs of the supplies and
wages that petitioner clains as QREsS in conducting the claim

projects. At trial M. H nojosa was qualified as an expert in
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t he accounting systens and docunentati on enpl oyed by UCC during
the credit years and the base peri od.

6. Dr. WAdia
Dr. Wadia was qualified in the base period trial as an

expert in conducting R& related to the manufacturing of
chem cals and plastics. Dr. Wadia has a doctorate of science and
a master’s degree in chem cal engineering fromthe Massachusetts
Institute of Technology. Dr. Wadia held a variety of technical
and seni or managenent positions in business and corporate R&D,
technol ogy |icensing, and engi neering over approxinmately 30 years
wi th UCC and Dow.

7. Ms. Toi vonen

Ms. Toivonen is a certified public accountant and partner
with E&Y. During the base period trial M. Toivonen was
gqualified as an expert in accounting. M. Toivonen's specialty
is forensic accounting, a practice that involves the application
of accounting, auditing, and investigative skills to analyze a
conpany’s financial records.

B. Respondent’s Expert Wtnesses

1. Roy T. Halle

Respondent introduced expert testinony by Roy T. Halle
regardi ng the Anoco anticoki ng, sodi um borohydride, and UOP GA-
155 projects as well as sone of the identified runs that occurred

during the base period. M. Halle has over 45 years of
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experience in the petrochem cal and petroleumindustries, nostly
in the olefins industry. For the past 10 years, M. Halle has
wor ked as an i ndependent consultant on ol efins manufacturing
process issues. M. Halle is an affiliate of LECG L.L.C
(LEGC), in the area of petroleum and petrochem cals.

2. M Julianne Mcd ung

Respondent introduced expert testinony by M Julianne
McCl ung regarding the spuds project. M. MCdung, |ike M.
Halle, is an affiliate of LECG M. MO ung has over 11 years of
experience working with the steamcracking area of an ethyl ene
pl ant, during which she was involved in all areas of maintaining,
operating, and designing a steamcracking furnace.

3. Gary Allen

Respondent introduced expert testinony by Gary Allen
regarding the UCAT-J project. Dr. Allen is an affiliate of the
petrol eum and chem cals practice of LECG He has over 30 years
of experience in the chemcals and plastics industry. Dr. Alen
| ed the devel opnent and comrerci ali zati on of several different
pol ymer technol ogi es. Respondent introduced Dr. Allen as an
expert in scaling up chem cal and process technologies to
comercial operations. Wile Dr. Allen conceded that he has | ess
experience wth PE, polyolefins, and UNIPOL than petitioner’s

fact witnesses, Dr. Allen has extensive experience scaling up
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products and processes from |l aboratories through pilot plants to
commer ci al manuf acturers.

[1. Whether the CaimProjects Constitute Qualified Research

A. The Qualified Research Tests

To be eligible for a credit under section 41(a)(1l) a
t axpayer nmust show that it has perfornmed “qualified research”
during the years at issue. Sec. 41(a)(1)(A), (b)(2). To be
qualified research, the research nust satisfy four tests. First,
expenditures connected with the research nust be eligible for
treatment as expenses under section 174 (the section 174 test).
Sec. 41(d)(1)(A). Second, the research nmust be undertaken for
t he purpose of discovering technological information (the

technol ogical information test??). Sec. 41(d)(1)(B)(i). Third,

42\\6 have previously called this test the “discovery test”.
See Norwest Corp. & Subs. v Comm ssioner, 110 T.C. 454, 491
(1998); Eustace v. Comm ssioner, T.C Meno. 2001-66, affd. 312
F.3d 905 (7th Gr. 2002). Before the promulgation of sec. 1.41-
4(a)(3)(ii), Incone Tax Regs., we held that this test had a
“di scovery” conponent that was to be construed nore narrowy than
the discovery test of sec. 174 and required that the taxpayer
di scover information that went beyond the current state of
know edge in the relevant field. Norwest Corp. & Subs. v.
Conm ssi oner, supra at 493; Eustace v. Conmi ssioner, supra.
However, the current regulations provide that “A determ nation
that research is undertaken for the purpose of discovering
information that is technol ogical in nature does not require the
t axpayer be seeking to obtain information that exceeds, expands
or refines the comon know edge of skilled professionals in the
particular field of science or engineering in which the taxpayer
is performng the research.” Wile these regulations apply to
years ending on or after Dec. 31, 2003, sec. 1.41-4(e), Incone
Tax Regs., respondent has taken the position that he will not
chal  enge return positions that are consistent with these final
regul ations and therefore that the current regul ation should

(continued. . .)
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t he taxpayer nmust intend that the information to be di scovered
will be useful in the devel opnment of a new or inproved business
conponent of the taxpayer (the business conponent test). Sec.
41(d) (1) (B)(ii). Fourth, substantially all of the research
activities nust constitute elenents of a process of
experinmentation for a purpose relating to a new or inproved
function, performance, reliability, or quality (the process of
experinmentation test). Sec. 41(d)(1)(O, (3).

The Departnent of the Treasury (Treasury) and the Interna
Revenue Service (IRS) pronulgated regulations to clarify the
definition of “qualified research” under section 41(d) that are
effective for taxable years ending on or after Decenber 31, 2003.
Because the Treasury Decision inplenenting these regul ations
states that “the IRS will not challenge return positions that are
consistent wwth these final regul ations” for taxable years ending
before the effective date of this regulation, T.D. 9104, 2004-1
C.B. 406, 410, and respondent conceded that petitioner may rely
on the current regulations, we will not hold petitioner to a

hi gher standard than the regul ati ons require.

42(. .. continued)
govern the outcone of this case, see T.D. 9104, 2004-1 C. B. 406
410. Accordingly, respondent concedes that petitioner satisfies
the “technol ogical in nature” test as long as the information
sought to be discovered is in fact technol ogical, and we accept
this concession. In light of the change to the test, we find
that it is nore appropriate to refer to this test as the
“technol ogical information test”.
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The above tests are applied separately to each business
conponent. Sec. 41(d)(2)(A). A “business conponent” i ncl udes,
in pertinent part, a product or process that the taxpayer either
hol ds for sale, lease, or license or uses in its trade or
busi ness. Sec. 41(d)(2)(B). In the case of a production
process, section 41(d)(2)(C) provides that “Any plant process,
machi nery, or technique for commercial production of a business
conponent shall be treated as a separate business conponent (and
not as part of the business conponent being produced).”

The claimprojects all relate to UCC s processes for
commerci al production of ethylene, PE, or related products.
Accordingly, each of the claimprojects includes two business
conponents: (1) The production process and (2) the product being
produced. Petitioner argues that for each claimproject it is
one of UCC s processes, not the product produced, that is the
rel evant business conponent. Therefore, in order to analyze the
di screte business conponents at issue, for each project we nust
separate the activities that relate to the inprovenent of the
production process fromthe activities that relate to the product
bei ng produced. Sec. 1.41-4(b)(1), Incone Tax Regs. The fact
that activities that relate to the product being produced do not
satisfy the qualified research tests of section 41(d) will have
no i npact on whether the activities that relate to the

i nprovenent of the production process satisfy those tests.
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| f a business conponent as a whole fails the qualified
research tests, we may apply the “shrinking-back rule”, which
allows us to apply the qualified research tests to subsets of the
busi ness conponent if doing so will allow the subset to satisfy
those tests. Sec. 1.41-4(b)(2), Inconme Tax Regs. The shrinking-
back rule provides that if the qualified research tests are not
satisfied at the |level of the discrete business conponent, they
are then applied to the nost significant subset of el enents of
t he busi ness conponent. The shrinking-back continues until
ei ther a subset of the business conponent satisfies the tests or
the nost basic el enment of the business conponent is reached and
fails to satisfy the tests. The shrinking-back rule applies only
if the overall business conponent does not satisfy the qualified
research tests set out in section 41(d)(1) and is not itself a
reason to exclude activities fromcredit eligibility. 1d.

1. The Section 174 Test

The section 174 test requires that expenditures connected
with the research activities nmust be eligible for treatnent as
expenses under section 174. Section 174 provides alternative
met hods of accounting for “research or experinental expenditures”
t hat taxpayers would otherw se capitalize. Sec. 1.174-1, |ncone
Tax Regs. The regul ations define “research or experinental
expendi tures” as “expenditures incurred in connection with the

t axpayer’s trade or business which represent research and
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devel opnent costs in the experinental or |aboratory sense.” Sec.
1.174-2(a) (1), Incone Tax Regs.“* The parties do not dispute
that costs of the claimprojects were incurred in connection with
UCC s trade or business. As relevant here, an activity is
“research and devel opnent * * * in the experinental or |aboratory
sense” if: (1) The information available to the taxpayer does
not establish the capability or nethod for devel opi ng or
i nproving a product or process or the appropriate design of a
product or process (i.e., an uncertainty exists); and (2) the
activity is intended to discover information that would elimnate
this uncertainty. Sec. 1.174-2(a)(1l) and (2), Incone Tax Regs.
Because the taxpayer need only be uncertain as to “the capability
or nethod * * * or the appropriate design” of the inprovenent, an
uncertainty may exist even if the taxpayer knows that it is
technically possible to achieve a goal but is uncertain of the
met hod or appropriate design to use to reach that goal. Sec.

1.174-2(a) (1), Income Tax Regs. (enphasis added). Whether an

“3Whil e the current version of these regulations applies to
years beginning after COct. 3, 1994, the Treasury Deci sion
acconpanyi ng the current regul ations states: “Because the
amendnents nerely clarify the existing definition of research or
experinmental expenditures, retroactive application of the
amendnents i s unnecessary. Return positions consistent with the
amendnents w Il be consistent with the existing regul ati ons and
w Il be recognized as such by the IRS.” T.D. 8562, 1994-2 C. B
30, 31. Respondent concedes that petitioner may rely on the
current version of the regulations to determ ne whether the claim
projects carried out in 1994 constitute qualified research.
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uncertainty exists is an objective test that depends on the

information available to the taxpayer. See Mayrath v.

Commi ssioner, 41 T.C 582, 590-591 (1964), affd. 357 F.2d 209

(5th Cr. 1966). These guidelines apply to the nature of the
activity exam ned, not the nature of or the |evel of

t echnol ogi cal advancenent represented by the product or process.
Sec. 1.174-2(a)(1) and (2), Incone Tax Regs.

However, deductions are allowed under section 174 only to
the extent that they are reasonable. Sec. 174(e). Furthernore,
deductions under section 174 are limted to “expenditures of an
i nvestigative nature expended in devel opi ng the concept of a
nmodel or product”, as opposed to the construction or manufacture

of the product itself. Myrath v. Comm ssioner, supra at 590;

d assley v. Commi ssioner, T.C Mno. 1996-206; Koll sman

| nstrunent Corp. v. Commi ssioner, T.C. Meno. 1986-66, affd. 870

F.2d 89 (2d Gr. 1989). Therefore, if a project involves both
t he devel opnent of the concept of a new or inproved process and
the use of the process in production, only the activities rel ated
to the devel opnent of the concept of the process satisfy the
section 174 test.

The regul ati ons under section 174 excl ude expenditures for
certain activities, including, as relevant here, the ordinary
testing or inspection of materials, products, or processes for

quality control (quality control testing). Sec. 1.174-2(a)(2)
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and (3), Incone Tax Regs. (Quality control testing includes
testing or inspecting to determ ne whether particular units of
materials, products, or processes conformto specified
paraneters. Sec. 1.174-2(a)(2) and (3), Incone Tax Regs.
However, quality control testing does not include testing to
det erm ne whet her the design of the product or process is
appropriate. Sec. 1.174-2(a)(2), (3), and (4), Incone Tax Regs.

Because section 174 refers to research and experi nent al

expendi tures, not research and experinental activities, we

interpret section 41(d)(1)(A) as requiring only that qualified
research activities constitute research and devel opnent within
t he neani ng of section 174. However, as discussed below, to
det erm ne which costs of those activities constitute QREs under
section 41(b), the reference to section 174 in section

41(d) (1) (A) requires us to consider whether those costs may be

treated as expenses under section 174. See Norwest Corp. & Subs.

v. Comm ssioner, 110 T.C 454, 491 (1998).

2. The Technol ogical Information Test

The technol ogical information test requires that the
research be undertaken for the purpose of discovering information
that is “technological in nature”. Sec. 41(d)(1)(B)(i).
Information is “technological in nature” if it “fundanentally
relies on principles of the physical or biological sciences,

engi neering, or conputer science’”. H Conf. Rept. 99-841 (Vol.
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1), at 11-71 through 11-72 (1986), 1986-3 C.B. (Vol. 4) 1, 71-
72. Therefore, discovery of information related to the soci al
sciences, arts, or humanities would not satisfy this test.

Norwest Corp. & Subs. v. Commi ssioner, supra at 492.

3. The Busi ness Conponent Test

The busi ness conponent test requires that the taxpayer
intend that the information to be discovered be useful in the
devel opnent of a new or inproved business conponent of the
taxpayer. Sec. 41(d)(1)(B)(ii). To be useful within the nmeaning
of this test, the research need only provide sone |evel of

functional inprovenent to the taxpayer. Norwest Corp. & Subs. v.

Conmi ssi oner, supra at 495.

4. The Process of Experinentation Test

The process of experinentation test has three elements: (1)
Substantially all of the research activities nust constitute (2)
el ements of a process of experinmentation (3) for a qualified
purpose. Sec. 41(d)(1)(0O

The “substantially all” elenment neans that 80 percent or
nore of the taxpayer’'s research activities for each business
conponent, neasured on a cost or other consistently applied
reasonabl e basis, nust constitute a process of experinentation

for a qualified purpose. Norwest Corp. & Subs. v. Conm ssioner,

supra at 497; sec. 1.41-4(a)(6), Incone Tax Regs. A taxpayer

does not fail this requirenment even if the remaining 20 percent
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(or less) of its research activities with respect to the business
conponent do not constitute elenents of a process of
experinmentation for a purpose described in section 41(d)(3) as
Il ong as the remaining research activities satisfy the
requi renents of section 41(d)(1)(A) (the section 174 test) and
are not otherw se excluded under section 41(d)(4). Sec. 1.41-
4(a)(6), Income Tax Regs. |If a business conponent fails the
process of experinmentation test because of the “substantially
all” requirenment, the taxpayer nmay apply the shrinking-back rule,
di scussed above, until an element that satisfies the test is

r eached. Norwest Corp. & Subs. v. Commi ssioner, supra at 497.

A process of experinmentation is “a process designed to
eval uate one or nore alternatives to achieve a result where the
capability or the nethod of achieving that result, or the
appropriate design of that result, is uncertain as of the
begi nning of the taxpayer’s research activities.” Sec. 1.41-
4(a)(5) (i), Income Tax Regs. The “uncertainty” elenment of this
test is essentially the sanme uncertainty as is required by the
section 174 test,* and the test may be satisfied even if the
taxpayer is certain of either the capability or nethod of
achieving the desired goal if the appropriate design of the

desired result is uncertain at the outset. Sec. 1.41-4(a)(5) (i),

4Sec. 1.174-2(a)(1), Inconme Tax Regs., provides that
“Uncertainty exists if the informati on available to the taxpayer
does not establish the capability or nmethod for devel opi ng or
i nprovi ng the product or the appropriate design of the product.”
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I ncone Tax Regs.; cf. Norwest Corp. & Subs. v. Conm ssioner,

supra at 496. %

However, this test also inposes a nore structured nethod of
di scovering information than section 174 requires and may not
include all actions a taxpayer takes to resolve uncertainty. See

Nor west Corp. & Subs. v. Conmmi ssioner, supra at 496; see al so

Eustace v. Conm ssioner, 312 F.3d 905, 907 (7th Cr. 2002), affg.

T.C. Meno. 2001-66. The process of experinentation test was
added to section 41 because Congress was concerned that taxpayers
had been claimng the credit “for virtually any expenses relating
to product devel opnent” as opposed to high technology. S. Rept.
99- 313, supra at 694-695, 1986-3 C.B. (Vol. 3) at 694-695; see
also H Rept. 99-426, supra at 178, 1986-3 C.B. (Vol. 2) at 178.
The process of experinentation test is not necessarily satisfied
j ust because a taxpayer takes steps to inprove a business
conponent. The | egislative history explains:
The term process of experinentation neans a

process involving the evaluation of nore than one

alternative designed to achieve a result where the

means of achieving that result is uncertain at the

outset. This may involve devel opi ng one or nore

hypot heses, testing and anal yzi ng t hose hypot heses

(through, for exanple, nodeling or simulation), and

refining or discarding the hypotheses as part of a

sequenti al design process to devel op the overal
conponent .

4As di scussed above, we shall apply the nore generous rule
of the final regulations where it differs fromour prior
hol di ngs.
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Thus, for exanple, costs of devel oping a new or
i nproved busi ness conponent are not eligible for the
credit if the nethod of reaching the desired objective
(the new or i1inproved product characteristics) is
readi |y discernible and applicable as of the begi nning
of the research activities, so that true
experinmentation in the scientific or |aboratory sense
woul d not have to be undertaken to devel op, test, and
choose anong viable alternatives. On the other hand,
costs of experinments undertaken by chem sts or
physi ci ans in devel oping and testing a new drug are
eligible for the credit because the researchers are
engaged in scientific experinentation. Simlarly,
engi neers who design a new conputer system or who
design inproved or newintegrated circuits for use in
conputer or other electronic products, are engaged in
qualified research because the design of those itens is
uncertain at the outset and can only be determ ned
t hrough a process of experinmentation relating to
speci fic design hypot heses and deci si ons as descri bed
above. [H Conf. Rept. 99-841 (Vol. I1), supra at I1I-
72, 1986-3 C.B. (Vol. 4) at 72.]

This requires the use of the scientific nmethod sense, not nerely
taking steps to resolve uncertainty or to inprove a product. See
Bl ack’s Law Dictionary (8th ed. 2004) (defining the “scientific
met hod” as “An anal ytical technique by which a hypothesis is
formul ated and then systematically tested through observation and
experinmentation.”). To satisfy the process of experinentation
test, the taxpayer should devel op a hypothesis as to how a new
alternative mght be used to devel op a busi ness conponent, test
that hypothesis in a scientific manner, analyze the results of
the test, and then either refine the hypothesis or discard it and
devel op a new hypot hesis and repeat the previous steps.

It is not sufficient that the taxpayer use a nethod of

sinple trial and error to validate that a process or product
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change neets the taxpayer’s needs. See id. Wile the
Comm ssi oner concedes in the regulations that a “systematic tri al
and error nethodol ogy” can be a process of experinentation, sec.
1.41-4(a)(5) (i), Income Tax Regs., the term “systematic” suggests
that the project nust involve a nethodical plan involving a
series of trials to test a hypothesis, analyze the data, refine
t he hypothesis, and retest the hypothesis so that it constitutes
experinmentation in the scientific sense. Testing and refining a
hypot hesi s may i nvolve determ ning the strengths and weakness of
the alternative tested, whether and how the process could be
further refined and i nproved, and whether other alternatives
m ght be better suited for achieving the taxpayer’s goal. Wile
the process of experinentation need identify only one
alternative, it generally should be capable of evaluating nore
than one alternative. Sec. 1.41-4(a)(5)(i), Income Tax Regs. |If
only one alternative is tested, for that alternative to
constitute a process of experinentation the taxpayer should
conduct a series of experinents with the alternative in order to
devel op the business conponent. See H Conf. Rept. 99-841 (\Vol.
1), supra at 11-72, 1986-3 C.B. (Vol. 4) at 72.

In response to commentary that “in the industrial or
commercial setting, the recording of results is not necessarily
i nherent in a bona fide process of experinentation”, Treasury and

the I RS acknow edged that the regulations in place during the
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years at issue did not inpose any rules regarding the recording
of experinent results. T.D. 8930, 2001-1 C B. 433, 437.
However, even if the results are not actually recorded, the
t axpayer should performa sufficient analysis of the alternative
tested so that the taxpayer could neani ngfully conpare one
alternative to another. Furthernore, section 1.41-4(d), I|ncone
Tax Regs., requires a taxpayer to “retain records in sufficiently
usable formand detail to substantiate that the expenditures
claimed are eligible for the credit.”

The qualified purposes are purposes relating to a new or
i nproved function, performance, reliability, or quality. Sec.
41(d)(3). By contrast, style, taste, cosnetic, or seasona
design factors are not qualified purposes. Sec. 41(d)(3)(B)

5. Activities That Are Not Qualified Research

Section 41(d)(4) lists certain activities that do not
constitute qualified research, including, as relevant here: (1)
Research after commercial production, (2) routine data
collection, (3) foreign research, and (4) funded research

Research conducted after the begi nning of conmmerci al
production is not qualified research. Sec. 41(d)(4)(A. A
busi ness conponent is ready for commercial production when it is
devel oped to the point where it: (1) Meets the basic functional
and econom c requirenments of the taxpayer; or (2) is ready for

commercial sale or use. H Conf. Rept. 99-841 (Vol. I1), supra
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at 11-74, 1986-3 C.B. (Vol. 4) at 74. Typical exanples of
activities conducted after commerci al production include: (1)
Preproduction planning for a finished business conponent; (2)
tooling-up for production; (3) trial production runs; (4)
troubl e-shooting involving detecting faults in production
equi pnent or processes; (5) accunulation of data relating to
producti on processes; and (6) debuggi ng product flaws. 1d. at
I1-74 through Il1-75, 1986-3 C.B. (Vol. 4) at 74-75. The
exclusion for research after commercial production applies
separately to the activities relating to the devel opnment of the
product and the activities relating to the devel opnment of the
process. Sec. 1.41-4(c)(2)(iii), Inconme Tax Regs. Therefore,
even after a product is ready for commercial sale, activities
relating to the devel opnment of the manufacturing process nay
constitute qualified research

Funded research refers to research to the extent it is
funded by any grant, contract, or otherw se by another person or
governnmental entity. Sec. 41(d)(4)(H)

B. The daimProjects

1. Pl ant - Based Resear ch

Al'l of the claimprojects took place at UCC s manufacturing
pl ants during the production process. Petitioner argues that as
a general matter, plant-based research can be “qualified

research”. M. Spitz, one of petitioner’s expert wtnesses,
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testified that petrochem cal chem cal conpanies carry out plant-
scal e R&D for many reasons, such as devel opi ng new process
t echnol ogi es and products, enhancing the performance of existing
process technol ogi es and products, and attenpting to resolve
operational problenms. M. Spitz believes that it is essential
for petrochem cal conpanies to conduct research at commerci al
plants to obtain nmeaningful test data. In M. Spitz’' s opinion,
experinments conducted in | aboratories or pilot plants cannot
sinply be “scaled-up” to full-sized plants w thout additional
testing because of the differences in size, dinensions, and fluid
dynam cs of plant equi pnent and the inherent unpredictability of
chem cal reactions and chem cal plant operations.

Petitioner argues that making plant-based research eligible
for the research credit conports with Congress’ intent to pronote
busi ness research in order to spur economc growth. Furthernore,
petitioner argues that Congress could not have intended to
foreclose availability of the credit for research that is helpfu
to a taxpayer’s trade or busi ness because the research was
conducted in a plant environnent and the research resulted in
sal abl e products.

Respondent agrees that pl ant-based research sati sfying
section 41(d) is eligible for the research credit. However,
respondent argues that all of the claimprojects fail the

qualified research tests because the activities involved in the
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claimprojects were primarily production activities, not
investigative activities related to devel opi ng the concept of the

process, and therefore fail the section 174 test under Mayrath v.

Comm ssioner, 41 T.C. at 590. Respondent argues that the claim

projects also fail the section 174 test because they were
desi gned to produce products for sale, not to elimnate any
uncertainties. Furthernore, respondent argues that all of the
claimprojects fail the process of experinentation test because
substantially all of the activities for which petitioner is
claimng QREs constituted production activities, not elenents of
a process of experinentation. Respondent al so argues that the
claimprojects involve research after the begi nning of comerci al
production and therefore are excluded under section 41(d)(4)(A).

Petitioner argues that respondent incorrectly identified the
end products produced by UCC, not the techniques and processes
UCC enpl oyed to produce those products, as the “business
conponent” to which the research relates. Wile the products
produced during the claimprojects already net UCC s basic
functional and econom c requirenents, petitioner argues that the
processes were still experinental and had not yet been proven.

As di scussed above, under section 41(d)(2)(C plant
processes for commercial production are treated as a separate
busi ness conponent fromthe product being produced. Accordingly,

where a taxpayer seeks research credits for plant processes but
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not for the products produced, we apply the qualified research
tests only to activities related to the devel opnment of the
process wi thout taking into account the activities related to the
production or devel opnent of the product. Sec. 1.41-4(b)(1),
| ncone Tax Regs. While each of the claimprojects inits
entirety necessarily involves production activities because the
goal of each of the claimprojects was to i nprove UCC s
production process, we find that for each of the claimprojects
there are two busi ness conponents: (1) A process business
conponent and (2) a product business conponent. The activities
that relate primarily to the i nprovenent of UCC s processes are
part of the process business conponent, and the activities that
relate primarily to the production of products are part of the
product business conponent. Therefore, respondent’s argunents
that petitioner’s production activities do not satisfy the
section 174 test or the process of experinmentation test have no
beari ng on whether the activities that relate primarily to the
devel opnment of UCC s processes satisfy the qualified research
tests.

2. The Anpbco Anti coki ng Project

Petitioner clains that the Ambco anti coking project
constitutes qualified research and the specific business
conponent at issue is the olefins production process. As

di scussed above, under section 41(d)(2)(C and section 1.41-
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4(b) (1), Inconme Tax Regs., we find that only activities that
relate to the inprovenent of UCC s ol efins production process,
not production activities, are part of this business conponent.

a. The Section 174 Test

In the opinion of Dr. Fronment, one of petitioner’s expert
W t nesses, the Anpbco anticoking project was designed to elimnate
several uncertainties, in particular whether the pretreatnent
woul d: (1) Inhibit, reduce, or increase coke formation; (2)
extend run | engt hs between furnace turnarounds; and/or (3)
adversely affect the downstream manufacturing processes or
properties of finished olefins products. Wile the Anbco
t echnol ogy had shown promse in tests in | aboratories and pil ot
pl ants, petitioner argues that UCC believed that it had not yet
been proven and UCC was unsure whether it would work on its
commer ci al - scal e et hyl ene furnaces.

Respondent argues that the Anpbco anticoking project fails
the section 174 test because petitioner did not show that UCC
undertook the project for the purpose of elimnating an
uncertainty. Respondent argues that UCC believed that the Anpbco
technol ogy’s capabilities were already well established because
Anmoco told UCC that its technol ogy had been successfully tested
in two commercial plants. Accordingly, respondent believes that
UCC was nerely testing the Anoco technology to validate that it

wor ked as Anoco cl ai ned. Respondent argues that UCC did not
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realize that Anpco’s technol ogy was still devel opnental unti
just before it abandoned the project.

Petitioner argues that the technol ogy was prom sing but far
fromproven. There is sonme conflicting evidence in the record as
to how well established UCC believed Anbco’ s technol ogy to be at
the tine it agreed to test the technol ogy.* However, it is
clear that neither UCC nor Anbco regarded the technol ogy as
proven or established to the point where it could be |icensed
coonmercially. The fact that Anobco applied the treatnent at no
cost to UCC supports petitioner’s argunent that the technol ogy
was not fully established. Wen UCC decided to undertake the
Anmoco anticoking project, the information avail able did not
establish that Anpbco’s technol ogy was capabl e of preventing or
reduci ng coking on UCC s furnaces. See sec. 1.174-2(a)(1),
| ncome Tax Regs.

Section 174 does not require that the technol ogy be in the
very begi nning stages of devel opnent, only that the taxpayer be
uncertain as to whether the technology wll inprove its product
or process. The record supports petitioner’s argunent that UCC
was uncertain as to whether the Anpbco anticoking technol ogy woul d

work in UCCs facilities. Therefore, we find that at the tinme of

“Dr. Mlks testified that he believed that the Anpco
t echnol ogy was experinmental and definitely not proven. Jack
Mar chi o, the technol ogy manager for hydrocarbons R&D at the South
Charl eston technical center, testified that he thought the Anpbco
t echnol ogy was established technol ogy.
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the test UCC was uncertain as to whether coke formation could be
reduced in its comrercial facility and, if so, whether Anpbco’s
t echnol ogy woul d reduce it.
Respondent al so argues that the Anbco anticoking project is
not qualified research because it does not satisfy the test of

Mayrath v. Comm ssioner, 41 T.C. at 590. Respondent argues that

nost of the clained costs associated with the Anmbco anti coking
project relate primarily to production activities, not the
devel opment of the concept of the Anpbco anti coking technol ogy.

We agree with respondent that many of the activities
i nvol ved in the Anmbco anticoking project did not relate to the
devel opnent of the concept of using the Anpbco technology to
reduce coke formation but instead constituted production
activities, such as the basic operation of furnace 24 and al
downstream activities. These production activities relate
primarily to the production of ethylene, not the inprovenent of
UCC s production process. Accordingly, they are part of the
product business conponent, not the process business conponent at
i ssue, and do not affect our analysis. To the extent that
petitioner has included production activities as part of the
busi ness conponent, we may apply the shrinking-back rule and
apply the qualified research tests to the nost significant subset
of elenments of the process that satisfies the qualified research

tests, which we find to be the subset of activities that relate
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primarily to the testing of the Anoco technol ogy. See sec. 1.41-
4(b) (2), Inconme Tax Regs.

We find that the following activities relate primarily to
the testing of the Anbco technol ogy and are therefore the focus
of our inquiry: (1) Reviewi ng research of prior testing of the
Anoco technol ogy; (2) preparing a test plan; (3) designating
reference and experinmental cracking sets; (4) preparing for the
test; (5) applying the pretreatnent; (6) collecting test data;

(7) analyzing the data; (8) formng of a conclusion; (9) refining
t he hypot hesis; and (10) repeating steps 4 through 8 for the
refined hypothesis (collectively, Anmoco anticoking research
activities). W find that these activities related to the

devel opnment of the concept of using the Ambco anti coking
technol ogy and therefore are not excluded under Mayrath.
Accordingly, the Anmpbco anticoking research activities, as defined
above, satisfy the section 174 test.

b. The Technological |Information Test

Petitioner argues that the Anmpbco anti coking project
satisfies the technol ogical information test because the
information it sought to di scover was based on organic chem stry,
chem cal engi neering, and other sciences. W agree that the

Anoco anticoking research activities satisfy this test.
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c. The Business Conponent Test

Petitioner argues that the Anmpbco anti coking project
sati sfies the business conponent test because it was designed to
i nprove the performance of its ol efins production processes by
reduci ng coke formation. W agree that the Anpbco anti coki ng
research activities, as defined in part a., satisfy this test.

d. Process of Experinentation Test

In the opinion of Dr. Fronment, the Anbco anti coking project
consi sted of a process of experinentation in the scientific sense
because UCC. (1) Researched and considered a variety of
anti coki ng technol ogi es; (2) devel oped and inplenented a detail ed
test plan by designating reference versus experinmental cracking
sets, applying the pretreatnent, and recording test data; (3)
anal yzed the results; (4) refined the process after results from
the first test were not satisfactory; (5) retested the product;
and (6) drew a conclusion. Petitioner argues that substantially
all of the activities involved in the Anmbco anti coking project
were part of this process of experinentation and that the project
was conducted for a qualified purpose--the evaluation of whether
the Anbco pretreatnment would i nprove the ol efins production
process by inhibiting coke fornmation.

Respondent argues that UCC s activities did not constitute a
process of experinentation because UCC was nerely validating

Anmoco’ s claimthat the technol ogy worked.
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We find that the Anpbco anticoking research activities
constitute a process of experinentation. UCC did not nerely
det erm ne whet her the Anoco technol ogy inhibited coke formation
but instead collected and anal yzed data that could be used to
conpare the technology with alternatives. Wen the first
pretreatnment proved to be unsuccessful, UCC considered that the
probl em m ght have been the fact that the pretreatnent was
appl i ed over coke remaining after a hot decoke. UCC refined the
process by applying the second pretreatnent to the furnace after
a cold turnaround. After UCC applied the second pretreatnent in
April 1995, it continued to collect and anal yze data until August
1995, and it used the data analysis to evaluate the technol ogy.
While UCC did not continue to refine its hypothesis as to the
ef fecti veness of the Anpbco technology and test it for four
consecutive furnace cycles as it had planned, satisfaction of the
process of experinmentation test does not require a taxpayer to
continue testing a hypothesis that has no possibility of success.
Such a requirenent would be contrary to the purpose of section
41. Accordingly, we find that UCC used a process of
experinmentation to eval uate the Anoco technol ogy and did not
merely change its process and deci de whet her the change satisfied
its basic needs.

Petitioner argues that this project was undertaken for a

qualified purpose—to evaluate the efficiency of the Anpbco
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technol ogy at inhibiting coke formation in order to inprove the
function, reliability, and performance of the ethyl ene production
process. Successful coke inhibition would have resulted in
significantly |onger furnace runs, reduced mai ntenance, | onger
equi prent life, and increased ethylene productivity, yielding
significant cost savings and increased profits. W agree that
this was a qualified purpose.

Respondent counters that even if the Ampbco anti coking
project exhibits sone characteristics of research, it fails the

“substantially all” test. See Norwest Corp. & Subs. v.

Comm ssioner, 110 T.C at 497. Respondent argues that

substantially all of the activities for which petitioner is
claimng QREs do not constitute elenents of a process of
experinmentation but instead constitute production activities.

We agree that the ordinary production activities that woul d
have occurred even if UCC was not conducting an experinment do not
constitute el enents of a process of experinentation. However, as
di scussed above with regard to the section 174 test, we find that
the qualified research tests should be applied solely to the
Anoco anticoking research activities. Accordingly, we consider
only whether these activities satisfy the process of
experinmentation test. W find that when we limt the project to

only the Anpbco anticoking research activities, “substantially
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all” of those activities satisfy the process of experinentation
t est.

Respondent argues that even if the Ampbco anti coking project
satisfies the qualified research tests, it is excluded fromthe
definition of qualified research because it constitutes funded
research, research after commercial production, or data
collection and routine testing.

e. Funded Research

Section 41(d)(4)(H) provides that research is not qualified
research “to the extent funded by any grant, contract, or
ot herwi se by anot her person”. The evidence shows that Anbco and
UCC each paid their own costs during the Anbco anti coki ng
project. Wiile Anoco covered the cost of applying the
pretreatnment and was contractually obligated to pay for any
overtinme worked by UCC enpl oyees, petitioner did not include any
of these costs in its QRE cal cul ati ons.

Respondent argues that under section 1.41-4A(d)(2), I|Incone
Tax Regs., as nade applicable by section 1.41-4(c)(9), |ncone Tax
Regs., research is treated as fully funded “If a taxpayer
perform ng research for another person retains no substanti al
rights in research under the agreenent providing for the
research”. Furthernore, under section 1.41-4A(d)(3), |ncone Tax

Regs., “A taxpayer does not retain substantial rights in the
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research if the taxpayer nust pay for the right to use the
results of the research.”

However, petitioner is not seeking credit for research
conducted for the benefit of Anobco or that Anpbco woul d purchase
fromUCC. It would clearly violate Congress’s intent in enacting
section 41 if a taxpayer could seek a tax credit for research
that it did not ultimately pay for. Petitioner is also not
seeking credit for the costs that Anoco incurred to develop the
technol ogy. Petitioner is seeking credit for research that UCC
performed for its own benefit and at its own cost. Wile UCC did
not gain any rights to Anroco’s technol ogy by conducting the Anbco
anticoking project, UCC retained all rights to its own research
Petitioner produced credible evidence at trial that the
informati on that UCC gai ned during the Anbco anti coki ng project
was val uabl e regardl ess of whether it |icensed Anbco’ s technol ogy
or not. Accordingly, we find that the Anbco anticoking research
activities do not constitute funded research.

f. Research After Commerci al Production

Respondent argues that the Anpbco anticoking project is
research after comrercial production because UCC s ol efins
process already net its functional and econom c requirenents.
Respondent points out that the Anmoco anticoking project did not

di srupt UCC s normal production process and resulted in a sal able
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product. Respondent argues that UCC was sinply tweaking its
exi sting process.

Petitioner argues that the Anpbco anti coking project was not
nmerely research after commercial production but was a process of
experinmentation that UCC had to conduct before decidi ng whet her
to license Anobco’s technol ogy. As discussed above, it is only
t he Anoco anticoking research activities that we nust exam ne
not UCC s entire ol efins process, which we agree already net
UCC s basic functional and econom c requirenments and was used
commercially. W conclude that the Anmoco technol ogy was not yet
ready for comrercial use at the tinme UCC undertook the Anpbco
anticoking project. The fact that Anbco’s technology ultimtely
failed is a clear indication that it did not neet UCC s needs.
Petitioner further argues that the Anbco anti coki ng project was
not a “trial production run” because it was conducted before the
potential process inprovenent, the Anpco technol ogy, was
satisfactorily tested and proven. W agree with petitioner that
t he Anoco anticoking research activities were not nerely research
after comercial production and are not excluded fromthe
definition of qualified research by section 41(d)(4)(A).

g. Data Collection and Routine Testing

Respondent next argues that the Anbco anticoking project is
specifically excluded fromthe definition of qualified research

because it constitutes routine data collection, routine or
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ordinary testing, or inspection for quality control. Respondent
argues that after the initial results fromthe first pretreatnent
suggested failure, the activities occurring during the renaining
period were primarily the accumul ation of data. Respondent
poi nts out that sone of the data that UCC collected were
routinely collected in its normal operations and was available to
UCC regardl ess of whether a test were being conducted.

Petitioner counters that during the Anbco anti coking project
UCC coll ected sone data that it did not normally neasure and took
ot her neasurenents nore frequently than it normally took them
Furthernore, petitioner points out that UCC anal yzed the
col |l ected data, which UCC did not normally do. While UCC did
t ake sonme neasurenents during the normal ol efins production
process, petitioner argues that the purpose of those neasurenents
was to ensure that furnace was operating normally. By contrast,
petitioner argues that during the Anbco anticoking project UCC
t ook many nore neasurenents for the purpose of determ ning
whet her Anobco’ s anti coki ng technol ogy actually reduced the
formati on of coke and whether the technol ogy could inprove UCC s
production process. W agree that UCC s activities went beyond
routine data collection and that the Anbco anticoking research
activities are not excluded fromthe definition of qualified

research by section 41(d)(4)(D).
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h. Subst anti ati on Requi r enent

Respondent finally argues that even if the Anpbco anti coki ng
project would otherwi se satisfy the qualified research tests,
petitioner has not substantiated its claimafter the 10th week of
testing. Wiile the activities that occurred fromthe first
pretreatnment to the cold turnaround in January 1995 were
docunented in the project report dated February 21, 1995,
respondent points out that there is no conparable project report
to corroborate UCC s argunment that the Anoco anticoking project
continued with a second pretreatnent in April 1995 and additi onal
testing until the August 1995 cold turnaround. Respondent argues
that petitioner was unable to find any data or analysis of data
collected after February 21, 1995. Therefore, respondent argues
that petitioner has failed to substantiate any activities after
the February 21, 1995, project report was witten. See sec.

6001; Boyd v. Conmm ssioner; 122 T.C. 305, 320 (2004); Tyson

Foods, Inc. & Subs. v. Conm ssioner, T.C. Mnob. 2007-188; Eustace

V. Conm ssioner, T.C. Menob. 2001-66; sec. 1.6001-1, |Incone Tax

Regs.

Petitioner argues that there is sufficient evidence to show
that UCC continued to run the test and evaluate data until August
1995. Petitioner offered four w tnesses who corroborated that
the second test occurred, two of whomconfirmed that the test

| asted until August 1995. Furthernore, petitioner submtted
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docunentary evidence that confirns the testinony and shows that
sone anal ysis was perfornmed on the data collected fromthe second
test. One of respondent’s own expert w tnesses, M. Halle,
concl uded that the Anbco anticoking project lasted 8 to 9 nonths.
Accordingly, on the basis of the entire record, we concl ude that
petitioner sufficiently substantiated its claimthat the Anbco
anti coking project included a second test that ran fromApril to
August 1995.

On the basis of the foregoing, we hold that the Anbco
anticoking research activities were qualified research.

3. The Spuds Proj ect

Petitioner originally claimed that the spuds project was
qual i fied research but now concedes that it does not satisfy the
requi renments of section 41(d). Dr. Wadia testified that, in his
opi nion, the spuds project did not constitute research or
experinmentation in the scientific sense. Dr. Wadia believes that
t he spuds project was a standard nechani cal desi gn change
foll owed by routine plant troubleshooting. Dr. Wadia al so
believes that the spuds project presented a |low | evel of
uncertai nty because UCC had been using one-hole spuds at O efins-
2 for 18 years.

Petitioner originally argued that the rel evant business
conponent was the ol efins production process. As discussed

above, under section 41(d)(2)(C and section 1.41-4(b)(1), Incone
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Tax Regs., we find that only activities that relate to the
i nprovenent of UCC s ol efins production process, not production
activities, are part of this business conponent.

a. The Section 174 Test

In the opinion of Dr. Martin, another of petitioner’ s expert
W t nesses, the purpose of the spuds project was to elimnate
uncertainties concerning inprovenents that m ght be achieved in
the operation of the Aefins-1 furnaces by replacing the four-
hol e spuds with one-hole spuds. Dr. Martin’s opinion is that it
woul d be inpossible to determ ne the inpact of the change on al
of the various operating conditions in the furnace by cal cul ation
or by testing in a small test facility simlar to the test
facilities operated by burner vendors. Petitioner originally
argued that the specific uncertainties that the spuds project was
designed to elimnate were whether the new spud design woul d:
(1) Reduce pluggi ng, carbon nonoxide |evels, and erratic burner
flame patterns; (2) increase furnace fuel efficiency; and/or (3)
adversely affect furnace operations or downstream processes.
Specifically, UCC was concerned that using the one-hol e spuds
woul d increase the level of noise fromthe furnaces above
accept abl e | evel s.

Respondent argues that the spuds project fails the section
174 test because the project was not designed to elimnate any

uncertainties. M. MCung, one of respondent’s expert
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W t nesses, testified that the one-hol e spud design naintai ned the
sane design flow area as the four-hole spuds and did not
necessitate testing to validate performance. In Ms. McClung’ s
opi ni on, changi ng the nunber of spud hol es w thout changing the
total area of the holes would not be expected to significantly
af fect anything concerning the furnace or burner operation other
than to reduce or elimnate the pluggi ng problem Furthernore,
Ms. McClung believes that UCC s experience with one-hole spuds on
its Aefins-2 furnaces elimnated any uncertainties that may have
ot herwi se existed. Accordingly, respondent argues that UCC was
certain that replacing four-hole spuds wth one-hole spuds woul d
result, at a mnimum in the inprovenent of the plugging problem
on the basis of its use of the one-hole spuds at AQefins-2 and
common sense.

Petitioner’s fact witnesses testified that they hoped that
t he one-hol e spuds would i nprove the process, but they were not
certain. However, the section 174 test requires that an
obj ective uncertainty exist as to the capability or nethod for
devel opi ng or inproving a product or process or the appropriate

design of a product or process. See Mayrath v. Conm ssioner, 41

T.C. at 590-591. W find that regardl ess of whether sone of
UCC s enpl oyees were not certain that the one-hole spuds woul d
i nprove UCC s production process at AQefins-1, UCC had sufficient

information available to it, both information gathered fromits
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own experiences using one-hole spuds and information provi ded by
the John Zink Co., to be certain that the one-hole spuds were
capabl e of inproving UCC s production process.

Furthernmore, UCC was certain that changing the four-hole
spuds to one-hol e spuds was the appropriate nethod for reducing
pl uggi ng. UCC knew t hat changi ng the spuds woul d be an effective
and relatively inexpensive way to solve the problem

Finally, there was no uncertainty as to the appropriate
design of the inprovenent. The John Zink Co. designed the one-
hol e spud, and there is no evidence that UCC ever considered
adapting the John Zink Co.’ s design.

b. The Remni ning Tests

Because the spuds project fails the section 174 test, we
need not address whether it satisfies the remaining tests.

4. The Sodi um Bor ohydri de Project

Petitioner clains that the sodi um borohydride project is
qualified research. Petitioner identified the olefins production
process as the rel evant business conponent. As di scussed above,
under section 41(d)(2)(C) and section 1.41-4(b)(1), Incone Tax
Regs., we find that only activities that relate to the
i nprovenent of UCC s ol efins production process, not production

activities, are part of this business conponent.
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a. The First Three Tests

As expl ai ned below, we find that the sodi um borohydride
project fails the process of experinentation test. Accordingly,
we need not discuss whether it satisfies the section 174,
technol ogi cal information, or business conponent test.

b. The Process of Experinmentation Test

Petitioner argues that the sodi um borohydri de project
satisfies the process of experinmentation test because
substantially all of the activities involved constitute a process
of experinmentation designed to determ ne whether UCC coul d
ef fectively use sodi um borohydride to renpve acetal dehyde to
bel ow 100 ppm whil e the MEA system was out of service.

Petitioner argues that the process involved: (1) Considering

al ternatives, nost notably sodium bisulfate; (2) preparing a
detail ed project nmenorandum and an FOCR; (3) posing and answeri ng
a series of questions about the proposed sodi um borohydri de
injections; (4) determning test dosages and injection rates; (5)
i njecting the sodi um borohydride; (6) sanpling the cracked gas
stream and crude but adi ene product for acetal dehyde; (7) sanpling
the wastewater for boron; (8) analyzing the results; and (9)

eval uating the results and drawi ng the concl usion that sodi um

bor ohydri de had successfully renoved acet al dehyde to bel ow
specification |evels. Furthernore, petitioner argues that the

process of experinentation was for qualified purposes—inproved
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function and performance of Taft’s ethyl ene production process
and inproved quality of the consumer product.

Respondent argues that the sodi um borohydride project did
not involve a process of experinentation but was nerely a nethod
of reducing the acetal dehyde in UCC s crude but adi ene.

Respondent argues that UCC was not evaluating alternatives but
was sinply validating that injecting sodium borohydride could be
used to renove acetal dehyde and troubl eshooting any probl ens that
cane up. Respondent argues that while sodium bisulfate could
have been used as an alternative to sodi um borohydri de, UCC never
seriously considered using sodium bisul fate because it knew t hat
sodi um bor ohydri de woul d work better. |In respondent’s opinion,

t he occurrence of operating issues or the collection of data does
not make a process one of experinmentation. Respondent argues

t hat the sodi um borohydri de project |acked any anal ysis of the
data coll ected or evaluation of the process change beyond

val idating that the change satisfied UCC s needs.

We agree with petitioner that the sodi um borohydri de
research activities were designed to resolve uncertainty. Even
if the capability of using sodi um borohydride to renove
acet al dehyde was generally known, UCC was not certain whether (1)
sodi um borohydri de was the appropriate nethod for renoving

acet al dehyde from crude but adi ene while the MEA system was out of
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service given its high cost and unknown efficiency or (2) UCC s
design for injecting sodi um borohydri de was appropri ate.

However, to constitute a process of experinentation, the
sodi um borohydri de project research activities nust have been
desi gned not only to test whether sodi um borohydride satisfied
UCC s needs but to evaluate the use of sodi um borohydride through
a sequential process of experinentation. Such a process would
i ncl ude not only planning the test, inplenmenting the test, and
collecting data, but would al so include anal yzing of the data
coll ected, refining and di scardi ng hypot heses, and progressively
devel oping the process. There is no evidence to support UCC s
assertion that it actually analyzed the data it collected beyond
determ ning that sodi um borohydri de reduced acet al dehyde bel ow
100 ppm \While petitioner argues that UCC was uncertai n about
t he appropriate dosages or injection rates, there is no evidence
that UCC experinmented with dosages or injection rates or
determ ned the optinmal dosage and injection rate. UCC was nerely
validating that injecting sodium borohydride into the caustic
scrubber woul d reduce acetal dehyde to on-specification |evels.

There is also no evidence that the results of the test were
sufficiently analyzed so that UCC could conpare themw th the
results of tests of other alternatives. UCC s data collection
al one, no matter how extensive, does not constitute a process of

experinmentation if it is not followed by neani ngful analysis.
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VWhile Dr. Manyi k prepared an R&D report for the sodium
bor ohydri de project that UCC considered to be the functional
equi val ent of a project report, Dr. Manyi k prepared the R&D
report before the test of sodi um borohydride occurred.
Therefore, it could not have included any anal yses of the project
that were not avail able before the project began. The fact that
UCC found Dr. Manyik’s R&D report and other prerun reports
sufficient to docunent the sodi um borohydri de project indicates
that UCC did not find it necessary to analyze the results of the
project and was not interested in developing or refining its
process. Accordingly, we find that the sodi um borohydri de
research activities fail the process of experinentation test and
were not qualified research. W need not address respondent’s
remai ni ng argunents relating to this project.

5. The UOP GA- 155 Proj ect

Petitioner argues that the UOP GA-155 project is qualified
research and that the rel evant business conponent is the olefins
production process. As discussed above, under section
41(d) (2)(C) and section 1.41-4(b)(1), Income Tax Regs., we find
that only activities that relate to the inprovenent of UCC s
ol efins production process, not production activities, are part

of this business conponent.
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a. The Section 174 Test

Petitioner argues that the UOP GA-155 project satisfies the
section 174 test because it was designed to elimnate
uncertainties as to: (1) Wether UOP GA-155 woul d reduce
but adi ene polynmer fouling in the G colum and reboilers; (2) the
proper dosage of UOP GA- 155 to both reduce C; columm fouling and
stabilize the dripolene; and/or (3) whether UOP GA-155 woul d
adversely affect Taft’s downstream processes and commer ci al
products. Petitioner argues that these uncertainties could not
have been resol ved wthout a plant test because | aboratory tests
woul d not translate well to the plant.

Respondent argues that the UOP GA-155 project fails the
section 174 test because any uncertainties with respect to
i njecting UOP GA-155 had been resol ved before the project began.
Respondent believes that the only question that remai ned was how
much UOP GA-155 to use, and UCC intended to resolve this issue by
obt ai ning advice from UOP, not through its own testing.
Respondent argues that there were no issues with respect to the
capability or nethod for devel oping or inproving the process or
the appropriate design of the process but that UCC was nerely
verifying UOP s clains that UOP GA- 155 woul d reduci ng fouling.
|f there were any uncertainties with respect to the UOP GA- 155
project, respondent argues that they woul d have been reflected in

t he FOCR



- 229 -

Whil e UCC s enpl oyees testified that they were uncertain
whet her UOP GA- 155 woul d reduce fouling, we find that the
information avail able to UCC established that UOP GA- 155 woul d be
effective. The evidence shows that UOP, not UCC, perfornmed the
research to determ ne UOP GA- 155 s effectiveness. The fact that
UCC desired to confirm UOP' s assertions with its own testing does
not create an uncertainty within the nmeaning of section 174. The
section 174 test is an objective test, and a taxpayer may not
turn its back on the available information in order to create
uncertainty.

Furthernore, there is no evidence that UCC was uncertain as
to the appropriate nethod for reducing fouling. UCC had
significant experience using inhibitors before beginning the UOP
GA- 155 project and there is no evidence that UCC had any doubt
that injecting an inhibitor into the G colum was the
appropriate nethod to reduce fouling in the C; col um.

Finally, UCC had sufficient information available to it to
elimnate any uncertainties as to the appropriate design of using
UOP GA-155 to reduce fouling in the G colum. It was UOP that
devel oped UOP GA-155, studied UCC s process, and recomrended the
design that UCC should use to inject UOP GA-155. There is no
evi dence that UCC intended to use the UOP GA- 155 project to
di scover information to inprove upon or change the design

suggested by UOP
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b. The Remni ning Tests

Because the UOP GA-155 project fails the section 174 test,
we need not address whether it satisfies the remaining qualified
research tests.

6. The UCAT-J Project

Petitioner clains that the UCAT-J project is qualified
research and that the rel evant business conponent is the PE
production process. Respondent argues that each of the
i ndi vi dual UCAT-J runs constitutes a separate project. W find
that the UCAT-J runs were separate tests in the sane project to
devel op the use of UCAT-J in UCC s PE production process and
shoul d be treated as a single business conponent. However, as
di scussed above, under section 41(d)(2)(C and section 1.41-
4(b) (1), Inconme Tax Regs., we find that only activities that
relate to the inprovenent of UCC s PE production process, not
production activities, are part of this business conponent.

a. The Section 174 Test

In the opinion of Dr. Brockneier, one of petitioner’ s expert
W t nesses, the UCAT-J project was designed to discover
information that would elimnate several uncertainties relating
to whether UCC could use UCAT-J to produce PE base resins in
Star’s UNIPOL reactors with reactor operability and continuity
and product properties equivalent to or better than those that

coul d be achieved using M1. For exanple, Dr. Brockneier
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bel i eves that UCC was uncertain whether using UCAT-J as the
catal yst would increase the anount of static in the reactor and
cause operability problens. Static was a greater problemw th
UCAT-J than with M1 because of the dielectric properties of the
UCAT-J system In Dr. Brockneier’s opinion, UCC could not
di scover how to solve this problemat the pilot plants or smaller
commercial reactors because static was |less of a problemin
smal l er reactors. Petitioner argues that other exanples of
operability issues related to UCAT-J were UCC s ability to: (1)
Control bul k density when producing butene filmresins; (2)
reduce resin stickiness without reducing catal yst productivity;
and (3) prevent TEAl starvation. Petitioner argues that these
i ssues created uncertainties regarding UCC s capability of using
UCAT-J to produce base resin and/or uncertainties regarding the
design for using UCAT-J to develop or inprove its UN POL process
technol ogy used at Star. Petitioner argues that the UCAT-J
project was intended to discover information that would elimnate
t hese uncertainties.

In the opinion of Dr. Brockneier, the “rule of three”
foll owed at Star was reasonabl e and one or even two problemfree
experinments does not provide a manufacturer with sufficient
assurance that the technol ogy can be used w thout R&D supervision
and involvenent. Dr. Brockneier also believes that the duration

of the UCAT-J runs was scientifically reasonabl e and that UCC was
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continuing to discover information about UCAT-J's operability
after the reactor was |lined out and reached a steady state. In
Dr. Brockneier’s opinion, the UCAT-J runs were not nerely tria
production runs because UCC had not yet elimnated the
uncertainties associated with the new technol ogy.

Respondent’ s anal ysis of the UCAT-J project relies on the
report of one of his expert wtnesses, Dr. Allen. Respondent
argues that the UCAT-J project fails the section 174 test
because: (1) UCC was certain that it could produce ai mgrade base
resin using UCAT-J; and (2) the UCAT-J project was conducted for
t he purpose of producing products for sale to custonmers, not for
t he purpose of discovering information.

i Uncertainty

Respondent argues that the UCAT-J project fails the section
174 test because UCC was certain that it could produce ai mgrade
base resin using UCAT-J. Respondent argues that UCC gained this
certainty because it had successfully used UCAT-J on the UN POL
pilot plant as well as at Star and Seadrift. Respondent believes
his argunment is supported by the fact that UCC had enough
confidence to begin designing LP-6, which was designed to use
UCAT-J, and to tout the benefits of UCAT-J to UNIPOL |icensees
before it began the UCAT-J project.

Respondent argues that the Court shoul d consider

petitioner’s argunents and testinonial evidence against the
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docunent ary evi dence made contenporaneously with the runs. 1In

support of his argunent, respondent cites United States v. United

States Gypsum Co., 333 U. S. 364, 395-396 (1948), where the

Suprene Court st ated:

Both on direct and cross-exam nation counsel were

permtted to phrase their questions in extrenely

| eading form so that the inport of the w tnesses’

testimony was conflicting. * * * Where such testinony

is in conflict with contenporaneous docunents we can

give it little weight, particularly when the crucial

i ssues involve m xed questions of |law and fact. * * *
Respondent points to docunents dated before the UCAT-J project
began indicating that UCC had produced aimgrade resin on its
smal l er reactors wi thout significant operability or continuity
probl ens and that UCAT-J perforned better than M1 on the pil ot
pl ant. Respondent al so argues that the pre-run docunentation
does not identify the uncertainties that petitioner clains
exi sted before the runs.

We agree with respondent that sonme of the docunentary
evi dence indicates that UCC was confident that at sone point it
woul d be able to produce base resin using UCAT-J on a commerci al
scale and sell UCAT-J to |icensees. Furthernore, we find that
UCC generally found UCAT-J to work as well as or better than M1
inits pilot plants. However, this not end our inquiry. Even if
UCC was certain that it was capable of using UCAT-J commerci al ly,

the section 174 test may al so be satisfied “if the information

avai l abl e to the taxpayer does not establish the * * *
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appropriate design of the product.” Sec. 1.174-2(a)(1l), Incone
Tax Regs. The docunentary evidence indicates that UCC was
confident that it would eventually be able to use UCAT-J with
sati sfactory operability and continuity, but it does not indicate
t hat UCC knew how to design its process so that (1) using UCAT-J
woul d be an i nprovenment over using M1 inits full-size
comercial reactors and (2) UCC could fully use UCAT-J' s superi or
qualities. Mny of the docunents in evidence |ist the objectives
and the risks involved in the runs, and petitioner confirnmed
t hrough testinony that each of the runs was conducted for the
pur pose of discovering information that would help elimnate
uncertainties as to how UCC could inprove its PE production
process using UCAT-J. Therefore, we find that the testinony does
not conflict with the docunentary evi dence.

Furthernmore, we find that at the begi nning of 1994 UCC did
not have enough information available to establish howit should
design its process so that using UCAT-J woul d be an i nprovenent
over using M1 on a full-scale coommercial reactor. UCC may have
been satisfied wwth the design of its process using UCAT-J in the
pilot plant and the smaller reactor at Seadrift, but UCC could
not use the sane design on Star’s reactor because Star’s | arger
si ze caused problens that did not occur at the smaller plants
such as static and sheeting. UCC was still experiencing

significant operability and continuity problens at Star that
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negated many of the benefits of using UCAT-J. The purpose of
testing a process on a pilot plant is to elimnate any
uncertainties that can be elimnated at the pilot plant |evel
before noving the experiment to a comercial -scal e reactor, but
any uncertainties that arise only on larger reactors cannot be
elimnated without testing on a commercial -scale reactor. W
agree with petitioner that because of the differences between a
commerci al -scal e reactor and a pilot plant reactor there were
additional uncertainties relating to the design of the process
that could not be elimnated through testing on snaller reactors.
Petitioner’s argument that testing on smaller reactors would not
elimnate all uncertainties regarding the design of a comrerci al -
scal e PE production process using UCAT-J is further supported by
the fact that UCC decided to install two different sets of
catal yst feeders on its LP-6 plant so that M1 could be used at
the plant if UCC was unable to comercialize UCAT-J by the tine
the plant was conpl et ed.

ii. Di scovering I nformation

Respondent argues that even if there were uncertainties as
to the design of UCC s process, the UCAT-J runs were not
conducted for the purpose of elimnating those uncertainties. 1In
the opinion of Dr. Allen, all of the runs of the UCAT-J project
were conducted for commercial reasons. Respondent points out

that: (1) UCC sold nost of the resin it produced during the
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UCAT-J runs; (2) an objective for nost of the runs was to produce
resin for customer qualification; and (3) many of the runs |asted
| onger than the tinme necessary to achieve a steady state in the
reactor.

We agree that some of UCC s objectives were comrercial as we
woul d expect, considering that UCC s ultimate goal was to
commercialize the use of UCAT-J and the UCAT-J project included
both process and product busi ness conponents. However, we find
that the record supports petitioner’s argunent that the primry
goal of UCC s activities that related to the process business
conponent was to discover information to elimnate uncertainties
as to the appropriate design of UCC s PE production process when
UCAT-J was used as the catalyst. UCC s production activities, by
contrast, are part of the product business conponent of the UCAT-
J project and are outside the scope of our inquiry.

Respondent al so points out that UCC wanted its pl ant
operators to gain experience making products with UCAT-J in
anticipation of the conpletion of LP-6. Wile this my have been
an additional objective of the UCAT-J project, we do not believe
that it was the primary objective.

Respondent next argues that the even if the UCAT-J project
otherw se satisfies the section 174 test, it fails the test of

Mayrath v. Comm ssioner, 41 T.C 582 (1964). Respondent argues

that nost of the clainmed costs associated with the UCAT-J project
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related to production activities, not activities related to the
devel opnent of the concept of the project.
We agree that the activities that related primarily to the
production of PE base resin were not related to the devel opnent
of the concept of using UCAT-J and may not be treated as expenses

under section 174. See Mayrath v. Conm ssioner, supra at 590.

However, we conclude that these production activities are part of
t he product business conponent, not the process business
conponent at issue. To the extent that petitioner has included
production activities as part of the business conponent, we nay
apply the shrinking-back rule and apply the qualified research
tests to the nost significant subset of elenents of the process
that satisfies the qualified research tests, which we find to be
t he subset of activities that relate primarily to the devel opnent
of the production process using UCAT-J. See sec. 1.41-4(b)(2),
| ncome Tax Regs.

The activities that relate primarily to the devel opnent of
t he production process using UCAT-J are part of the process
busi ness conponent, and we find that they satisfy the Mayrath
test. These activities include: (1) Preparing run
docunentation, including identifying objectives and risks of each
run; (2) nonitoring reactor performance; (3) responding to
unexpect ed operating problens; (4) conducting experinents during

the runs; (5) collecting resin and catal yst sanples; (6)
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reporting run performance both during and follow ng each run; (7)
analyzing the results of each run; (8) identifying ways to
i nprove subsequent runs; and (9) inplenenting inprovenents in
subsequent runs (collectively, UCAT-J research activities).

Respondent finally argues that the UCAT-J project fails the
section 174 test because the duration of many of the runs far
exceeded the duration necessary to discover information to
resol ve uncertainties. W disagree, and we find that activities
that relate primarily to the devel opnment of the process, as
opposed to the production of base resin, may satisfy the section
174 test regardl ess of when they occurred as |long as they were
performed for the purpose of discovering infornmation to elimnate
the uncertainties discussed above. W find that the UCAT-J
research activities were perfornmed for this purpose.

b. The Technological I nformation Test

Petitioner argues that the UCAT-J project satisfies the
technol ogi cal information test because it was designed to
di scover information based upon nunerous principles of chemstry
and engineering including: (1) Catalytic chemstry; (2)
pol yneri zation; (3) heat and mass transfer; (4) reaction
kinetics; (5) statistics; (6) fluid dynamcs and solubility; (7)
chem cal engineering; and (8) process engineering. W agree that

the UCAT-J research activities satisfy this test.
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c. The Business Conponent Test

Petitioner argues that the UCAT-J project satisfies the
busi ness conponent test because the project was intended to
di scover information that would be useful for inproving UCC s PE
production process. W agree that the UCAT-J research activities
satisfy this test.

d. The Process of Experinentation Test

Petitioner clains that substantially all of the activities
i nvolved in the UCAT-J project constitute elenments of a process
of experimentation for a qualified purpose. In Dr. Brockneier’s
opi nion, the UCAT-J project involved a constant process of
eval uati on and experinentation including: (1) Preparing run
docunentation that identified the objectives and risks of each
run; (2) nonitoring reactor performance; (3) responding to
unexpect ed operating problens; (4) conducting experinents during
the runs; (5) collecting resin and catal yst sanples; (6)
reporting run performance both during and foll ow ng each run; (7)
analyzing the results of the runs; and (8) devel oping ways to
i nprove the process during subsequent runs.

Dr. Brockneier believes that the run teamis activities--
meeting regularly to discuss objectives, identifying obstacles,
proposing alternative remedi es, and eval uating reaction system
responses to the experinental renedi es—indicate that the project

was conducted using a process of experinentation in the
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scientific sense. Dr. Brockneier also noted various experinents
t hat UCC conducted during the UCAT-J project, including: (1)
Adj usting operating ratios and chem cals; (2) adjusting ethyl ene
partial pressure; (3) nodifying catal yst properties; (4)
i ntroduci ng new reactor control technologies; and (5) giving the
reactor TEAl shots. Dr. Brockneier concluded in his report:
“Viewed in its entirety, the UCAT-J Project is a textbook exanple
of the R&D-driven process of experinentation that is required in
order to inplenent a catal yst change in a | arge-scale PE
production process.”

Petitioner also clains that the UCAT-J project was perforned
for a qualified purpose—to inprove the function and perfornmance
of the PE production process and to inprove the quality of the
consuner product. UCAT-J, if successfully comercialized,
of fered many process-rel ated advant ages over M1 because it was
nmore active than M1 and therefore could produce nore base resin.
Furthernore, if UCAT-J worked properly, it would inprove PE
product properties.

Respondent argues that the UCAT-J project fails the process
of experinmentation test because respondent believes that UCC had
already elimnated all uncertainties related to the use of UCAT-J
before the credit years and accordi ngly no experinentation was
necessary. As discussed above with respect to the section 174

test, we find that UCC had not elimnated all uncertainties
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relating to the design of its PE production process using UCAT-J
on a commerci al scale before conpleting the project.

Respondent al so argues that petitioner failed to produce any
formal project reports that analyzed the results of the UCAT-J
project. Wiile such formal project reports would indicate a
process of experinmentation, we are satisfied that UCC
sufficiently analyzed the results through discussion and infornma
docunentation. Petitioner presented credible testinony that
process R&D coll ected data during the UCAT-J runs, process R&D
representatives and nenbers of the run team anal yzed and
di scussed the results, and UCC used these anal yses to further
refine the PE production process using UCAT-J. The fact that UCC
was able to conpare its production process using UCAT-J with its
production process using M1 in terns of reactor operability and
continuity issues indicates that UCC could use the sane process
to conpare UCAT-J wth other catal ysts.

We find that the UCAT-J research activities constitute a
process of experinentation. Unlike the sodi um borohydride
project, the UCAT-J project was not a sinple change to a process
foll owed by verification that the change would work. UCC
conducted a series of trials using UCAT-J and anal yzed t he
results of each trial to develop and inprove its process. UCC
was testing hypotheses and form ng new hypot heses based on each

succeeding run in order to solve sone of the chem cal and
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physi cal problens it had experienced using UCAT-J. Throughout
t he UCAT-J project UCC was conparing UCAT-J's performance to M
1's performance on a variety of criteria related to reactor
operability, reactor continuity, and product properties.

Wil e many of the activities that were conducted during the
UCAT-J project as a whole did not constitute a process of
experinmentation but were ordinary production activities, as
di scussed above we find it appropriate to separate the production
activities and the research activities into separate business
conponents for the nonexperinental product and the experinental
process, respectively. Therefore, the occurrence of
nonexperi mental production activities does not cause the UCAT-J
research activities to fail the “substantially all” portion of
the process of experinmentation test. Furthernore, we find that
the i nprovenent of UCC s PE production process is a qualified
pur pose under section 41(d)(3). Accordingly, we find that the
UCAT-J research activities satisfy the process of experinentation
t est.

e. Research After Commerci al Production

Respondent next argues that the UCAT-J project is excluded
fromthe definition of qualified research because it constituted
research after commercial production, specifically trial

production runs, troubl eshooting, or debuggi ng. Respondent
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argues that the UCAT-J runs occurred after the preproduction
pl anni ng and trial production runs had occurred.

We di sagree that the UCAT-J research activities constituted
research after commercial production. While the aimgrade base
resin that UCC produced satisfied UCC s basic functional and
econom c requirenents, the business conponent at issue is the
process business conponent, not the product business conponent.
UCC s production process using UCAT-J did not satisfy its basic
functional and econom c requirenents during the credit years.
UCC was not yet licensing the use of UCAT-J and was not using
UCAT-J as its primary catal yst for production. UCC was stil
experinmenting to elimnate significant problens that counteracted
the benefits of using UCAT-J instead of M1. Accordingly, we
find that the UCAT-J research activities are not excluded from
the definition of qualified research under section 41(d)(4)(A).

f. Subst anti ati on Requi r enent

Respondent finally argues that petitioner has not produced
sufficient docunentary evidence to corroborate the testinony of
its fact witnesses in support of its argunent that the UCAT-J
project was qualified research. See sec. 6001; sec. 1.6001-1,

| ncone Tax Regs.; see also Boyd v. Conm ssioner, 122 T.C at 320;

Tyson Foods, Inc. & Subs. v. Conm ssioner, T.C. Menob. 2007-188;

Eustace v. Conmi ssioner, T.C Meno. 2001-66.
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Petitioner argues that there is sufficient evidence to show
that the UCAT-J project occurred and satisfies the qualified
research tests. Petitioner produced three fact wtnesses to
di scuss the UCAT-J project and argues that their testinony is
corroborated by sufficient docunentary evidence that provides the
obj ectives, risks, and results of the runs.

Considering the record in its entirety, we find that
petitioner substantiated its claimthat the UCAT-J research
activities satisfy the qualified research tests. Accordingly,

t hese research activities, but not ordinary production
activities, constitute qualified research.

[11. Base Period Activities

We next address whether petitioner included all activities
simlar to the activities that we find constitute qualified
research in making its revised base period conputations. A
taxpayer nmust determne its QREs to be taken into account in
conputing its fixed-base percentage “on a basis consistent with”
its determnation of QREs for the credit year. Sec. 41(c)(4).%
Accordi ngly, the taxpayer mnust include the sane types of
activities as qualified research and include the sane types of
costs as QREs for the credit years and the base period. The
| egi sl ative history explains:

if a taxpayer includes (or excludes) certain
expenditures in determning its qualified research

4’See supra note 41.
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expenses for the current year, it nust provide the sane
treatnent for all such expenditures incurred during any
year taken into account in conputing the taxpayer’s

fi xed-base percentage * * *. [H Rept. 101-247, at

1202- 1203 (1989).]

A. \Whether Petitioner Mist Include Activities Conducted By
the Entire Consolidated G oup

In its order dated January 17, 2007, the Court ordered that
for purposes of conform ng the base period conputations to the
met hodol ogy petitioner enployed to conpute the clained credits,
only evidence of the revised base period conputations for the
l egal entity for which additional credits are claimed woul d be
necessary. Because petitioner clainmed additional credits only
for activities conducted by UCC, the base period trial was
limted to UCC s base period conputations.

In response to petitioner’s notion for partial summary
j udgenent dated Septenber 15, 2006, respondent argued*® that
petitioner was required to calculate its QREs for the base period

for the entire controlled group on a consistent basis with its

QRE calculation for the claimprojects. This would require
petitioner to include in its revised research credit conputations
the QREs incurred not only by UCC, but also the other nmenbers of
petitioner’s controlled group. Respondent pointed to section

41(f) (1), which provides:

“8Respondent did not repeat these argunents on brief and
acknow edges that the Court has already decided this issue.
However, respondent reserves his argunents with respect to this
i ssue. Accordingly, we address his argunents here.
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(1) Aggregation of expenditures.--

(A) Controlled group of corporations.--In determning
the anount of the credit under this section—

(1) all menbers of the sane controlled group of
corporations shall be treated as a single taxpayer, and

(1i) the credit (if any) allowable by this section
to each such nenber shall be its proportionate shares
of the qualified research expenses and basic research
paynments giving rise to the credit.

However, we decided that the consistency rule applies to the
determ nation of QREs for each nenber of the controlled group while
the aggregation rule of section 41(f)(1) refers to the
determ nation of the overall credit. The rule for aggregation of
expenditures exists “To ensure that the newcredit will be all owed
only for actual increases in research wage expenditures”. S. Rept.
97-144, supra at 83, 1981-2 C. B. at 442. Congress
intended for these rules to prevent artificial increases in
research expenditures by shifting expenditures anong commonly
controlled or otherwi se related persons. Id. The rules for
aggregation were already in place when the consistency rule was
enacted as part of the Omi bus Budget Reconciliation Act of 1989,
Pub. L. 101-239, sec. 7110(b)(1), 103 Stat. 2323, yet the
| egi slative history does not provi de any gui dance as to whether the
consistency rule applies at the entity level or the consolidated
group level. See H Rept. 101-247, supra at 1202-1203; H Conf.
Rept. 101-386, at 542 (1989). Section 41(c)(4)(B) refers to the

“taxpayer”, not the controlled group, and there is noindicationin
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the statute or the legislative history that all nenbers of a
consol i dated group nust calculate their QREs in the sane way.

Section 41(c)(4) undercuts the logic of the argunent that the
consistency rule is to be applied to the controlled group as a
whol e. Section 41(c)(4)(B) gives the Secretary authority to issue
regulations to prevent “distortions” caused by a “change in
accounti ng net hods used by such taxpayer”. Taxpayers that are part
of a comonly controlled group may have different nethods of
accounting. Because the statute refers only to a single accounting
met hod, it makes no sense to conclude that the consistency rule
applies to the controlled group as a whole. Respondent’s attenpt
to read the consistency rule in the light of section 41(f) creates
an anomal y.

Respondent argued that petitioner’s interpretation of the
consi stency rule contradi cts “unanbi guous congressional intent.”
Respondent asked us to consider the follow ng exanpl e:

A and B are nenbers of a controlled group of

cor porations. During the base years, A but not B

incurred a certain type of QRE. In the credit year, the

AB controll ed group shifts this type of QREto B in order

to avoid including this itemof A s base period QRE in

the group credit conputation under the consistency

requirenent.

Respondent argued that petitioner’s interpretation of the
consistency rule would permt the result in the exanple. I n

support of his position, respondent cited the | egislative purpose

for the aggregation rules: “to prevent artificial increases in
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research wage expendi tures by shifting expenditures anong commonly
controlled or otherwi se related persons.” See S. Rept. 97-144,
supra at 83, 1981-2 C. B. at 442. However, the regul ations already
address respondent’s concern. Section 41(f) and the legislative
history direct the Secretary to issue regulations to ensure that
artificial shifting of research expenditures wll not occur.
Section 1.41-6(i), Inconme Tax Regs., addresses the concern of
shifting artificial expenditures anong nenbers of a controlled
group by providing that because all nenbers of a group under comon
control are treated as a single taxpayer for purposes of
determ ning the research credit, transfers between nenbers of the
group are generally disregarded. %

There is no support in the statute or the legislative history
for the application of the consistency rule at the controll ed group
| evel . Accordingly, because petitioner is now seeking additional
research credits for activities conducted only by UCC, petitioner
properly included base period QREs for only UCCin its fixed-base
per cent age.

B. Acquisitions and D spositions

Section 41(f)(3) provides for adjustnments to QREs in the event
of an acquisition or disposition by the taxpayer. |If the taxpayer
acquires a major portion of a trade or business, then the taxpayer

must increase the anount of the QREs it incurred before the

“During the credit years this regul ation was found under
sec. 1.41-8(e), Incone Tax Regs.
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acqui sition by the anmount of QREs incurred by the acquired trade or
busi ness during that tine. Sec. 41(f)(3)(A). Li kew se, in the
case of a disposition of a major portion of its trade or business,
the taxpayer nmust decrease the amount of the QREs it incurred
before the disposition by the amount of QREs attributable to the
trade or business sold. Sec. 41(f)(3)(B).

Section 41(d)(4)(F) excludes fromthe definition of “qualified
research” any research conducted outside the United States, the
Commonweal th of Puerto Rico, or any possession the
United States. Accordingly, we need not consider any acquisitions
or dispositions of businesses that conducted research solely
outside the United States during the base period.

UCC s C&P busi ness segnent was UCC s only donestic business
segnent operating during the base period that renmained a part of
the UCC |l egal entity during the credit years. Accordingly, we need
not consider any of the other business segnents that were part of
UCC during the base period.®*® W find, and respondent does not
di sput e, that petitioner has properly accounted for the
acquisitions and dispositions that occurred during the relevant

peri ods.

S0UCC di sposed of its consuner products, carbon products,
and industrial gases segnents before January 1, 1994.
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C. Pol ypr opyl ene Runs

Dr. Wadi a contends that the 138 identified pol ypropyl ene runs
that occurred at Seadrift’s P-1 unit satisfy the qualified research
criteria. Ms. Toivonen costed the polypropylene runs at $29.5
mllion. However, petitioner did not include these runs in its
base period calculations because petitioner clainms that UCC
conducted these runs as an i ndependent contractor for SPC and SPC
ultimately bore the cost of these runs.

Respondent argues that petitioner should have included the
pol ypropylene runs in its base period calcul ations because UCC
initially bore the costs of the runs, petitioner failed to
substanti ate that UCC was conpensated by SPC, SPC did not maintain
separate books and records apart fromUCC s books and records, and
UCC was required to bear its own costs of conducting R& under the
CUA.

Under the operating agreenent between UCC and SPC, SPC agreed
to reinburse UCC for any operating expenses it incurred.
Petitioner presented testinony at trial that SPC did in fact
rei mburse UCC for these expenses, and we find the testinony to be
credible. Furthernore, while UCC provided accounting services for
SPC, petitioner provided credible evidence that UCC kept its
records separate fromthose of SPC.

Wil e we agree that the CUA provides that UCC woul d bear the

costs of R&D it conducted as part of the Cooperative Undert aking,
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t he pol ypropyl ene runs were conducted by SPC, not the Cooperative
Under t aki ng. The polypropylene runs all involved plant-based
experinmentation, and the Cooperative Undertaking was not involved
i n any experinentation that occurred during the production process.
Wi | e the agreenents between UCC and Shell relating to SPC provi ded
that any intellectual property discovered or devel oped by UCC in
the course of performng its duties under those agreenents woul d be
governed by the CUA, not the SPC agreenents, we find that the costs
of the polypropylene runs were costs treated as the costs of
pol ypropyl ene production, not the devel opnent of intellectual
property, and they would not have been governed by the CUA
Accordingly, the CUA provisions are irrelevant.% W see no other
reason why SPC shoul d not be respected as a tax partnership, and we
accordingly find that petitioner was correct to exclude the
pol ypropyl ene runs fromits base period conputations.

D. VWhet her Petitioner Included Al Activities Simlar to
the daimProjects on Its List of lIdentified Runs

Respondent argues that the nmet hodol ogy that petitioner used to
identify plant-based research for the claimprojects is conpletely
different and fundanentally inconsistent with its nethodol ogy for
identifying plant-based research that occurred during the base

period. W address each of respondent’s argunents in turn.

SlRespondent does not argue that petitioner failed to
i nclude additional QREs not identified by Ms. Toivonen that UCC
incurred as part of the Cooperative Undertaking. |t appears that
UCC treated these costs as QREs on its original return.



- 252 -

1. Petitioner’s Sources of Information

a. Wether Petitioner WAs Required To Use FOCRs
To ldentify Base Period Activities

Respondent points out that the claim projects were |argely
docunented by FOCRs, but UCC destroyed its FOCRs from the base
period before performng its revised base period calculations.
Accordingly, petitioner was unable to review all of the FOCRs
produced during the base period to see whether they identified
additional qualified research activities. Respondent argues that
because Dr. Wadi a could not reviewthe FOCRs fromthe base period,
petitioner cannot prove that it identified all of the base period
activities that were simlar to the claimprojects. As an exanple,
respondent argues that Dr. WAadia “mssed” the Nalco inhibitor
antifouling test (run 816), which petitioner |ater conceded and
costed at $7 mllion. Respondent argues that this process change
woul d have been docunented by an FOCR, so Dr. Wadia m ght not have
m ssed this project had the FOCRs from the base period been
avai |l abl e. Respondent argues that FOCRs were the key docunent
i ndi cati ng manufacturing process changes during both the base
period and the credit years. Accordingly, respondent argues that
petitioner needed to analyze and produce its FOCRs from the base
period in order to neet the consistency requirenent and capture al
base period activities simlar to the claimprojects.

Nei t her section 41(c)(4) nor section 1.41-4(d), Incone Tax

Regs., inposes any requirenent that a taxpayer use the sane types



- 253 -

of docunents to identify qualified research in the base period as
it used to identify qualified research in the claimyear if the
t axpayer can otherw se show that it has satisfied the consistency
requirenent. Wiile it is true that Dr. Wadia did not include the
Nal co i nhi bitor antifouling test in his original list of identified
runs, we do not viewthis as evidence that Dr. WAadia “m ssed” any
proj ects because he did not review FOCRs fromthe base period. W
find that the Nalco inhibitor antifouling test fails the process of
experinmentation test. UCC was not experinenting with the Nal co
i nhi bitor or conducting research to better understand inhibitors;
it was nerely testing Nalco’ s product to see whether it worked as
promsed. Wiile UCC nonitored the reboiler after injecting the
Nal co inhibitor, as it did with the UOP GA-155 project, there is no
evi dence that UCC anal yzed the results of the test or intended to
refine its hypothesis and conduct additional tests. Such
verification, wthout nore, does not constitute a process of
experinmentation. Accordingly, Dr. Wadia' s exclusion of the Nal co
inhibitor antifouling test fromhis list of identified runs does
not cause us to doubt his reliability.

Furthernmore, while petitioner did rely heavily on FOCRs to
establish that the claimprojects constitute qualifiedresearch, we
do not find that FOCRs are as inportant to identifying qualified
research as respondent advocates. FOCRs were used for any process

change, regardl ess of whether the change invol ved experi nentati on.
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Accordingly, even if all of the FOCRs from the base period were
available to Dr. Wadia, we do not believe that this would
significantly change Dr. Wadi a s concl usi ons.

Respondent also argues that petitioner chose an ad hoc
met hodol ogy to identify base period activities and relied on
docunents that were highly variable in conpl et eness and usef ul ness.
Respondent argues that the absence of any sunmary docunents, such
as lists of new products introduced during the base period or R&D
budgets, nmakes it inpossible to confirmthat Dr. WAdi a captured al
of the qualified research activities that occurred during the base
period. Furthernore, because the docunents did not always provide
concl usi ve evi dence of the duration or production quantities of the
identified runs, Dr. Wadia relied upon estimtes and assunptions
for a large nunber of runs. Respondent argues that estinates are
| egal Iy inperm ssible.

Section 1.41-4(d), Incone Tax Regs., does not require that a
t axpayer substantiate its research credit claimw th any particul ar
types of docunments but requires that the taxpayer “retain records
in sufficiently usable form and detail to substantiate that the
expenditures clained are eligible for the credit.” W find that
the docunents that petitioner produced were sufficient to
substantiate its claimthat the MATRIC teamidentified all of the
scientific research projects that occurred during the base period

and were sufficiently detailed to allow the MATRIC team to make
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reasonable determnations as to the duration and production
quantities of the identified runs.

b. VWhether Petitioner Was Required To Consi der
Al ternative Sources

Respondent argues that petitioner should have exam ned
alternative sources to correct defects in its nmethodol ogy. As an
exanpl e, because two of the claim projects (the UOP GA-155 and
sodi um bor ohydri de projects) involved the injection of additives
into the olefins production process, respondent argues that
petitioner should have sought docunents from third parties from
whom UCC purchased additives during the base period to see whet her
t hey woul d show whet her UCC experinented with different additives
during the base period. Respondent argues that the docunents
produced by the John Zink Co. show that UCC conducted additiona
pl ant testing during the base period that was not addressed by Dr.
Wadi a’ s report.

Petitioner argues that respondent was unable to obtain any
significant docunents fromthird-parties from whom UCC purchased
additives during the base period, so any attenpt that petitioner
woul d have nmade to obtain the same docunents would have been
fruitless. Furthernore, petitioner argues that the third-party
docunents that are avail able, those produced by the John Zi nk Co.,
did not identify any experinental activities.

We agree that section 41 does not require petitioner to seek

docunents from third-party sources to determ ne whether they
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contain evidence of experinentation. Furthernore, we find that the
docunents fromthird-party sources that were avail able, those from
the John Zink Co., do not indicate that additional research
occurred during the base period that petitioner failed to consider.
Those docunents showthat UCC tested the products it purchased, but
not that it experinmented wth them Consi dering that we do not
find the UOP GA- 155 project or the sodi umborohydride project to be
qualified research, we find it unlikely that docunments from UCC s
additive vendors or other third parties would be wuseful in
identifying additional qualified research activities conducted
during the base period.

2. \Wether Petitioner Should I|Include Additional
Activities in Its Base Period Cal cul ati on

Respondent argues that petitioner failed to capture all of the
qgqual i fied research activities that occurred during the base peri od,
specifically: (1) The NOx project, (2) testing on products that
UCC purchased from the John Zink Co., (3) testing of the Star
pelleting line, and (4) UCC s analysis of naphtha on its list of
identified runs. According to respondent, petitioner’s failure to
i nclude these projects or tests in its base period calculations is
evidence that petitioner’s identification of qualified research
activities was inconplete. Respondent also argues that Dr. Wadia

inproperly omtted portions of the identified runs.
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a. NOx

The NOx project does contain sone elenents of qualified
research to the extent that UCC was attenpting to discover
information that would allowit to determ ne whether it was t haw ng
its cold boxes frequently enough to reduce the safety hazard caused
by NOx accurul ation. However, we find that the NOx project does
not satisfy the process of experinentation test because UCC was not
conducting an experinent in the scientific sense but was nerely
perform ng maintenance on its cold boxes, collecting data, and

using the collected data to set operating guidelines.

b. John Zink Co. Products

We also find that UCC did not conduct any qualified research
activities related to purchases fromthe John Zink Co. As with the
spuds project, any testing that UCC perforned on products purchased
fromthe John Zink Co. was nerely quality control testing to ensure
that the products worked as prom sed.

C. Star Pelleting Line

Simlarly, while UCC nost |ikely tested the pelleting line it
installed at Star in 1986, there is no indication that UCC
performed any experinentation associated with the new pelleting
line, much less qualified research. Any tests that UCC perforned
were nost likely quality control tests to ensure that the pelleting

line did in fact work.
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d. Napht ha Anal ysi s

W find that UCC s analysis of naphtha in 1987 was routine
data collection or routine or ordinary inspection. There is no
indication that UCC performed any experinents when it was
determ ning the conposition of the naphtha it purchased.

e. Dr. Wadia’'s Limtation of Duration

Respondent al so argues that even if Dr. Wadi a i ncluded all of
the projects that constitute qualified research on his |ist of
identified runs, Dr. Wadia's interpretation of the definition of
“qualified research” was narrower than the definition petitioner
used during the claim years. Respondent argues that petitioner
treated the entire duration of all of the claim projects as
qualified research regardl ess of whether only part of a run was
experinmental, while Dr. Wadia limted the run durations to the
experinmental portions of the identified runs.

For some of the identified runs, Dr. Wadi a defined qualified
research as including only the portion of a run that he believed
was experinmental, not the entire run. Accordingly, Dr. Wadia
treated the duration of many identified runs as including only the
portion of the run where experinentation occurred. For exanple, if
a run was conducted for the purpose of determ ning whether it would
produce a product of acceptable quality, Dr. Wadia would treat the

duration of the run as lasting only until the point at which that
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determnation was nmade unless the researchers continued to
experinment after the unit reached a steady state.

In the MEK production test (run 175), UCC collected data for
the first 914 hours of the run, but Dr. WAdia included only the
first 336 hours in the duration of run 175. Simlarly, for the
first vinyl acetate catalyst protection test (runs 47), Dr. Wadi a
treated the run as lasting only 12 hours even though the resin was
in place for 2,400 hours and one of the goals of the test was to
test the strength of the resin over a period of 2,400 hours. Dr.
Wadi a used partial durations for many other runs as well.

Respondent argues that this approach is inconsistent with
petitioner’s treatnment of the UCAT-J runs because petitioner did
not limt the duration of those runs to the tinme it took the
reactor to reach a steady state even if no experi nentation occurred
after that point. Respondent argues that Dr. Wadia' s approach is
al so inconsistent with the UOP GA- 155 project, where UCC col | ected
data for only 90 days but treated the project as lasting 6 nonths.
Respondent al so argues that the duration of the Anbco anti coki ng
project would have been nmuch shorter if petitioner |imted the
duration to the time it should have taken UCC to realize that the
Anmoco technology was not worKking. Respondent argues that
petitioner did not attenpt to divide any of the other claim

projects into their “experinental” and “non-experinental” parts.
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Even assuming respondent is correct, we find that our
[imtation of the claimprojects to only the activities that relate
to the experinental process business conponent is at |east as
narrow as Dr. WAdia' s approach. As discussed with respect to the
claim projects, wunder section 41(d)(2)(C, where research is
conducted to inprove a taxpayer’s production process, activities
that relate to the product being produced are part of a separate
nonexperi nmental product business conponent. Production activities
that do not involve experinentation are properly excluded fromthe
definition of qualifiedresearch. Therefore, petitioner’s reliance
on Dr. Wadia’s definition of which activities constitute qualified
research does not run afoul of section 41(c)(4). Accordingly, we
find that there are no additional activities that are simlar to
the claimyear projects that satisfy section 41(d).

3. Reliability of Dr. Wadia's Mt hodol ogy

Respondent argues that even if the Court does not find that
petitioner omtted any particular projects from its list of
identified runs, the Court cannot rely on Dr. Wadia’s testinony to
prove that it identified all of the qualified research activities
that occurred during the base period because Dr. Wadia' s
met hodol ogy is flawed. Respondent argues that Dr. Wadia's
met hodol ogy is wunreliable because: (1) It does not neet the

st andards set out in Daubert v. Merrell Dow Pharns., Inc., 509 U S.

579, 593-594 (1993), and Kunmho Tire Co. v. Carmchael, 526 U S.
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137, 149-150 (1999); (2) Dr. Wadia's interpretation of the
qualified research criteria for the base period differs fromthe
definition that petitioner usedtoidentify the claimprojects; and
(3) Dr. Wadia is biased by MATRIC s rel ationship with Dow.

a. Reliability of Dr. Wadia' s Methodology as
Expert Testi nony

Respondent argues that the Court should not rely on Dr.
Wadi a’ s opi nion because it is unreliable under the standards set

out in Daubert v. Merrell Dow Pharnms., Inc., supra at 593-594, and

Kumho Tire Co. v. Carm chael, supra at 149-150. Respondent argues

that to evaluate the reliability of Dr. WAdi a s nethodol ogy, the
Court should consider the follow ng factors: (1) Wiether the
met hodol ogy has been or can be tested; (2) whether the nethodol ogy
has been published or subjected to peer review, (3) whether the
met hodol ogy is subject to potential or known errors; and (4)
whet her the net hodol ogy i s generally known and accepted within the

rel evant community. Daubert v. Merrell Dow Pharns., Inc., supra at

593-594.

Petitioner argues that respondent is nerely reasserting the
chal | enges he previously nade to the admssibility of Dr. Wadia's
testinmony and recasting them as challenges to the reliability of
his testinony. While we decided before trial that Dr. Wadia's
testi nony was adm ssi bl e under rul e 104(a) of the Federal Rul es of

Evi dence, to the extent that the Daubert factors also pertain to
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t he wei ght that we should give to Dr. Wadi a’ s testinony we consi der
t hem here.
However, the Daubert factors are not necessarily pertinent in
all cases, and their relevance depends upon the nature of ths
i ssue, the expert’s particular expertise, and the subject of his

t esti nony. Kumho Tire Co. v. Carmchael, supra at 150. Dr.

Wadi a’s testinony is hel pful because of his specialized know edge
of UCC s production processes and of how research and
experinmentation is conducted from a scientific point of view
Because of his years of experience working for UCC, Dr. Wadia is
famliar with the way UCC conducted plant-based experinentation
during the base period. Wile UCC s production processes rely on
many princi ples of the physical sciences and the Court is assisted
by Dr. Wadia's view of research and experinmentation from a
scientist’s perspective, Dr. Wadia's task inidentifying activities
that satisfy the qualified research criteria is not itself founded

on principles of science. See Tuf Racing Prods., Inc. v. Am

Suzuki Mdtor Corp., 223 F. 3d 585, 591 (7th Cir. 2000) (stating that

“The principle of Daubert is nerely that if an expert witness is to
of fer an opinion based on science, it nust be real science, not
junk science”, and finding that Daubert is not applicable when the
expert does not “purport to be doing science”). Accordingly, an

anal ysis of the Daubert factors is of limted val ue.
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i. \Wether the Methodol ogy Can Be Tested

Respondent argues that Dr. Wadia s nethodol ogy cannot be
tested because Dr. Wadi a's opinions are nerely general, conclusory
statenents. Respondent argues that Dr. Wadi a’ s descriptions of the
runs are sparse and do not refer to any specific facts to support
hi s concl usi ons. Furthernore, respondent argues that Dr. Wadia
does not set forth any reasons for his conclusion that the projects
that he did not list as identified runs did not satisfy the
qualified research criteria. Respondent contrasts Dr. Wadia's
practices with those of M. Toivonen, who maintained workpapers
t hat docunented her decisions for the purpose of permtting her
results to be checked and verifi ed.

We disagree that Dr. Wadia's nethodol ogy cannot be tested.
Wiile it would be difficult for another person to duplicate Dr.
Wadi a’ s efforts exactly, Dr. Wadi a’ s net hod of revi ewi ng docunents,
interview ng people famliar with events that occurred during the
base period, and di scussing each project with the MATRIC teamis a
relatively sinple nmethodol ogy that could be repeated by others.
Furt hernore, because each project that Dr. Wadia included as an
identified runis essentially a concession by petitioner, we do not
find that Dr. Wadia's failure to explain in greater detail why
those projects satisfy the qualified research criteria detracts
fromhis reliability. Wiile it would have been nore hel pful to the

Court if Dr. Wadi a had expl ai ned why he rejected the projects that
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he did not list as identified runs, given petitioner’s concession
of runs 807 through 820 (discussed below), we have sufficient
information to conclude that runs 1 through 820 include all of the
additional qualified research activities that occurred during the
base peri od.

ii. Wether the Methodology Is Known or

Accepted in the Community, Has Been

Publ i shed, or Has Been Subjected to Peer
Revi ew

Respondent al so argues that Dr. WAdia' s nethodol ogy was not
known or accepted in the community, was not published, and was not
subject to peer review Respondent argues that there are no
accepted standards or controls for applying Dr. Wadi a’ s
met hodol ogy.

Petitioner responds that this factor is sinply not applicable
to Dr. Wadia' s task, and we agree. We find it highly unlikely that
there are any published nethodologies in the scientific world on
howto identify research or experinentation perfornmed by a conpany
for a given set of years, but clearly Congress did not intend for
the research credit to be unattai nabl e because of the absence of a
peer-revi ewed net hodol ogy.

iii. Whether the Mthodology Is Subject to
Known Rate of Error

Respondent further argues that there is no known rate of error
in applying Dr. Wadi a’ s net hodol ogy. However, respondent believes

that Dr. WAdi a’ s net hodol ogy was subject to errors as evi denced by
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(1) Dr. Wadi a's suppl enental report, which added 29 identified runs
that Dr. Wadia did not include in his original report, and (2)
petitioner’s concession of runs 807 t hrough 820. Respondent points
out that petitioner’s concession doubled the nunber of runs
associated with the Triton Assets from2 to 4. As evidence of Dr.
Wadi a’s |lack of thoroughness, respondent argues that Dr. Wadi a
should not have m ssed the wastewater activity test (run 809),
which is described as a “plant test” in its supporting
docunent ati on. Respondent al so argues that Dr. WAdia erroneously
treated the forced draft burner tests (runs 95 and 96) as occurring
in 1985 instead of 1984 in his original expert report; erroneously
treated natural draft burner tests on furnaces 10 and 12 as
occurring in 1985 instead of 1984 or earlier; and incorrectly
determined the duration of the forced draft burner tests, the
natural draft burner tests on furnaces 10 and 12, and the natural
draft burner tests (runs 1 through 11) on furnace 9.

Petitioner argues that Dr. Wadi a’ s net hodol ogy i s not the type
of net hodol ogy that can be assigned a known rate of error because
it is not the type of research that is generally the subject of
statistical studies. W agree that whether a project or test
satisfies the qualified research criteria froma scientific point
of viewis not a question that can be scientifically verified to a
certainty. Wiile Dr. Wadi a’ s experience as a scientist was central

to his task, reasonable scientists could disagree as to whether
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sone projects satisfy the qualified research criteria; and it is
the duty of the Court to determ ne whether any particul ar project
does in fact satisfy section 41(d). W find that it is unlikely
t hat any net hod of identifying qualified research has been assi gned
a rate of error, but Congress clearly intended for sone taxpayers
to be eligible for the research credit. Accordingly, the absence
of a known rate of error does not affect the weight we will give to
Dr. Wadia’s testinony.

Furthernore, we do not find that Dr. Wadia's “failure” to
i ncl ude the wastewater activity test on his |ist of identified runs
i ndi cates that Dr. Wadia was not thorough because we find that the
wast ewater activity was not qualified research. Wile referred to
as a “plant test” in the supporting docunentation, this project did
not involve any experinentation but was nerely odor testing. Even
if UCCdidforma hypothesis before conducting this activity, there
is no evidence that UCC perfornmed any analysis of the results.

Regarding Dr. Wadia s m stake of concluding that the forced
draft burner tests occurred in 1985 instead of 1984, we find that
this mstake was immuaterial and it was sufficient that Dr. Wdia
corrected the mstake in his supplenental expert report.
Furthernore, respondent’s argunents regardi ng natural draft burner
tests on furnaces 10 and 12 are contrary to our findings of fact--
we find that the tests on those furnaces occurred before the base

period and Dr. Wadia correctly excluded them from his list of
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identified runs. W also find that Dr. Wadia's determ nation of
the duration of the forced draft burner tests and the tests on
furnace 9 during the natural draft burner tests do not understate
the duration of those runs.

Whil e we do not accept Dr. Wadia’'s testinobny as an opi nion as
to which activities satisfy section 41(d), we find that he
interpreted the qualified research criteria using his know edge of
scientific research and experinentation, and we find his
identification of runs that satisfy the qualified researchcriteria
froma scientific point of view to be helpful to the Court. W
find that any errors in Dr. WAdi a’ s net hodol ogy have been cured by
petitioner’s concession of runs 807 through 820, which we believe
constitute the activities that may not constitute qualified
research but that bear enough marks of qualified research that they
must be considered to ensure that petitioner has not omtted any
qualified research activities fromits base period cal cul ations.
Considering that (1) petitioner conceded the Nalco inhibitor test
and the wastewater activity, which we find do not constitute
qualified research, and (2) respondent has not identified any
projects that petitioner failed to include that do constitute
qualified research, we find it unlikely that there are other
projects that do satisfy the qualified research criteria that

petitioner has failed to identify and concede.
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b. Petitioner’'s Definition of “Qualified
Research”

Respondent argues that even if he has not identified other
activities that should have been included in petitioner’s base
period cal culation, the burden is on petitioner to prove that it
has included in its base period calculations all of the activities
that are simlar to the claimprojects, and that petitioner has not
satisfied that burden. Respondent argues that petitioner cannot
use Dr. Wadi a’s expert testinony to prove that it identified all of
the activities that occurred during the base period that are
simlar to the claim projects because Dr. Wadia did not use the
claim projects as nodels when applying the qualified research
criteria or give any consideration to whether he identified al
activities that were simlar to the claimprojects when carrying
out his task. Furthernore, respondent argues that Dr. Wadia's
interpretation of the qualified research criteria was narrower than
petitioner’s credit year position.

As evi dence, respondent again points to the Nalco inhibitor
antifouling test, which involved an activity that was very sim|lar
to petitioner’s largest claimproject, the UOP GA- 155 project. Had
Dr. Wadia been charged with identifying all projects that were
simlar to the claim projects, respondent argues that Dr. Wadia
woul d have included the Nalco inhibitor antifouling test on his

original list of identified runs.
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Respondent also argues that Dr. Wadia did not rely on the
“rule of three” when determ ning whether activities satisfied the
qualified research criteria even though petitioner relied upon the
rule of three for including sone of the UCAT-J runs as qualified
research. Accordingly, respondent argues that Dr. Wadia may have
excluded sone activities from his list of identified runs even
t hough the technol ogy tested in those runs had been proven in only
one or two successful runs.

Petitioner argues that it satisfied the consistency
requi renent because the qualified research criteria that Dr. Wadi a
relied upon mrror the requirenments of section 41 and the
regul ations pronul gated thereunder, and these were the sane
criteria that petitioner wused for its credit year clains.
Petitioner argues that using the sane selection criteria for both
the credit years and the base period indicates that it conplied
wi th the consistency requirenent.

We agree that the Nalco inhibitor antifouling test closely
resenbl es the UOP GA- 155 project and that the fact that Dr. Wadi a
di d not include the Nalco inhibitor antifouling test on his |list of
identified runs suggests that he interpreted the qualified research
criteria nore narrowmy than petitioner interpreted the criteria
when sel ecting the claimprojects. However, as di scussed above, we
find that neither the UOP GA-155 project nor the Nal co inhibitor

antifouling test was qualified research. W find that Dr. Wadia’s
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failure to include projects simlar to those claim projects that
fail the qualified research tests is not sufficient basis for
denying petitioner an additional research credit. As petitioner
correctly argues, the consistency requirenent does not alter the
definition of qualifiedresearch under section 41(d). Accordingly,
petitioner’s failure to adhere to section 41(d) when sel ecti ng sone
of the claimprojects does not necessarily indicate that Dr. Wadi a
failed to identify all of the qualified research activities that
occurred during the base period.

Furthernmore, we find that the fact that Dr. Wadia did not rely
on the rule of three does not detract fromhis reliability. The
evidence indicates that the rule of three applied only to the PE
production process during the credit years, not to the entire C&P
di vi si on. Furthernmore, we find that Dr. Wadia is qualified to
det erm ne whet her UCC considered its technol ogy to be experi nental
or commercial during the base period.

Respondent al so argues that because Dr. Wadi a kept no records
of the projects that he rejected, there is no way to verify his
conclusions or consider whether he was correct to reject those
proj ects. Accordingly, respondent argues that Dr. Wdia's
statenent that he identified virtually all of the qualified
research activities that occurred during the base period is a

concl usory opinion that cannot be verified.
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W agree that this is a flaw in Dr. Wadia s nethodol ogy.
However, we find that petitioner’s concession of runs 807 through
820 cures Dr. Wadia’s failure to identify the group of base period
projects that failed the qualified research criteriainD. Wadia's
opi nion but mght have satisfied the Court’s interpretation of
section 41(d) because runs 807 t hrough 820 constitute that group of
proj ects. VWile we find it unnecessary to analyze all of the
conceded runs in the light of petitioner’s concession that they do
satisfy section 41(d), the fact that the two runs that respondent
specifically criticizes Dr. Wadia for mssing do not satisfy the
requi renents of section 41(d) suggests that petitioner’s concession
of these runs sufficiently broadens petitioner’s definition of
“qualified research” for the base period so that it is at |east as
broad as, if not broader than, the Court’s interpretation of
section 41(d). Accordi ngly, wunder the reasoning in Cohan V.

Comm ssioner, 39 F.2d 540, 543-544 (2d Gr. 1930), we accept

petitioner’s list of identified runs, including concessions, as a
cl ose approximation of all of the qualified research activities
that occurred during the base period. It is highly unlikely that
Dr. Wadia failed to include any projects that would materially
alter petitioner’s base period conputations. Qur viewis supported
by the 17 fact witnesses who testified they were not aware of any
pl ant experinments that occurred during the base period that were

not included on the list of identified runs except for the
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experinments that petitioner subsequently conceded. Wile we agree
with respondent that the nenories of the fact w tnesses may be
faulty, we find that when taken together as a whole the evidence
shows that petitioner has satisfiedits duty to identify all of the
activities that occurred during the base period that it was
required to take into account in calculating its base anount.

While including all of the conceded runs nmay overstate
petitioner’s base anobunt, petitioner failed to provide the Court
with any other way to ensure that it has identified all of the
additional qualified research activities that occurred during the
base period and nust bear the consequences of its own i nexactitude.
See id.

c. Whether Dr. Wadia Is Biased

Respondent argues that Dr. Wadia s nethodology is flawed
because Dr. Wadia is biased by MATRIC s rel ationship with Dow and
Dr. Wadia s reliance on petitioner’s counsel to conduct docunent
searches. Respondent argues that Dr. Wadia's failure to include
the wastewater activity (run 809) on his list of identified runs is
evi dence of Dr. Wadia' s bias.

As discussed above, we do not think that Dr. Wadia was
m staken in failing to include the wastewater activity on his |ist
of identified runs. Respondent has failed to offer any other

evidence that indicates that Dr. Wadia was biased or that his
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expert testinony was conprom sed because of MATRIC s rel ationship
w th Dow.

V. dained Costs

To be eligible for the research credit under section 41(a) (1),
a taxpayer nust incur QREs during the credit year. QREs are
generally defined as the sum of the taxpayer’s in-house research
expenses and contract research expenses that are paid or incurred
during the taxable year in carrying on the taxpayer’s business.
Sec. 41(b). Petitioner does not claim as QREs any contract
research expenses and the parties do not dispute that the clained
costs were incurred during the taxable year in carrying on UCC s
busi ness.

In relevant part, section 41(b)(2)(A) defines in-house
research expenses as:

(1) any wages paid or incurred to an enpl oyee for
qual i fied services perforned by such enpl oyee, [and]

(1i1) any amount paid or incurred for supplies used
in the conduct of qualified research * * *

Section 41(b)(2)(C) defines the term “supplies” as any
tangi bl e property other than:
(1) land or inprovenents to |and, and

(1i) property of a character subject to the
al l omance for depreciation.

Supplies nust be used in the conduct of qualified research for
their costs to constitute QREs. Sec. 41(b)(2)(A)(i1i). Amounts

incurred for supplies or property used only indirectly for
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qualified research or for general and adm nistrative expenses are
not QREs. Sec. 1.41-2(b)(1), Incone Tax Regs.

Wages paid to an enpl oyee constitute QREs to the extent that
they are paid or incurred for qualified services performed by the
enpl oyee. Section 41(b)(2)(B) provides that the term “qualified
servi ces” neans services consisting of:

(1) engaging in qualified research, or
(1i) engaging in the direct supervision or direct
support of research activities which constitute qualified
research.
Engaging in qualified research “neans the actual conduct of
qualified research (as in the case of a scientist conducting the
| aboratory experinents).” Sec. 1.41-2(c)(1), Incone Tax Regs.
Section 1.41-2(c)(2), Income Tax Regs., defines “direct
supervi sion” as foll ows:
(2) Direct supervi sion. --The term “direct
supervision” as used in section 41(b)(2)(B) neans the

i mredi ate supervision (first-line rmanagenent) of

qualified research (as in the case of a research

scientist who directly supervises | aboratory experi nents,

but who may not actually performexperinents). “Direct

supervi sion” does not include supervision by a higher-

| evel manager to whomfirst-line managers report, even if

that manager is a qualified research scientist.

The regul ations define “direct support” as services in the direct
support of either (1) persons engaging in actual conduct of
qualified research or (2) persons directly supervising persons

engaged in actual conduct of qualified research. Sec. 1.41-

2(c)(3), Incone Tax Regs.
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As di scussed above, the Anpbco anticoking research activities
and the UCAT-J research activities constitute “qualified research”
However, we find that the production activities associated with
both projects are not part of the experinental process business
conponent and do not satisfy the process of experinentation test.
Production activities are associated wth the separate,
nonexperi nmental, product business conponents. Accordingly, only
the costs of supplies and wages that relate to UCC s research
activities, not production activities, my be OQRES.

Petitioner argues that the costs of all supplies and wages
that were incurred during the Anoco anti coking and UCAT-J projects
are QREs because the projects could not have occurred w thout the
supplies, particularly the raw materials, that were used to nake
t he products or wi thout the enpl oyees who were operating the plant,
and the costs of these supplies and wages are not otherw se
excluded fromthe definition of QREs in section 41(b).

We agree that the Anpbco anticoking and UCAT-J projects could
not have occurred if UCC had not purchased the raw nmaterials it
used in its production process, raw materials that UCC previously
treated as inventory and deducted as costs of goods sold. However,
this does not nake the costs of these raw materials QREs. The
definition of supplies QREs includes only anmounts “paid or incurred

for supplies used in the conduct of qualified research”. Sec

41(b) (2) (A (i1) (enphasis added). Petitioner now seeks to include
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as QREs amounts incurred during the production process upon which
the qualified research was conducted, not during the conduct of
qualified research itself. These costs are, at best, indirect
research costs excluded fromthe definition of QREs under section
1.41-2(b)(2), Incone Tax Regs.

Petitioner argues that section 41 does not further define the
phrase “used in the conduct of” and the regul ations provide only
that supplies are “used in the conduct of qualified research if
they are used the performance of qualified services”. Sec. 1.41-
2(b)(1), Inconme Tax Regs. Accordingly, petitioner argues that the
phrase “used in the conduct of” should be interpreted in its

ordi nary, everyday sense, citing Conm ssioner v. Brown, 380 U. S

563, 571 (1965).

W find that petitioner’s argunent fails to recognize the
precise definition of “qualified research” found in section 41(d).
Section 41(d)(2)(C provides that when a taxpayer seeks a research
credit related to its production process, the production process
must be divided into two busi ness conponents, one that relates to
the process and another that relates to the product. Thi s
indicates that Congress intended to allow taxpayers research
credits for research perfornmed to inprove their production
processes, but Congress did not intend for all of the activities
t hat were associated with the production process to be eligible for

the research credit if the taxpayer was perform ng research only
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wWth respect to the process, not the product. See sec. 1.41-
4(b) (1), Incone Tax Regs. Here, the disputed supplies were raw
materials used in the comercial production and sale of finished
pr oduct s. They were used to nmake products for sale, not for
experinment ati on.

The Iimted congressional intent is also expressed in the
shrinki ng-back rule, which permts taxpayers to divide a business
conponent into activities that do and do not satisfy the qualified
research tests when a project would ot herw se be disqualified when
considered in its entirety. See sec. 1.41-4(b)(2), Inconme Tax
Regs. Taxpayers mnmay not circunvent the narrow definition of
qualified research that Congress intended by including as QREs
costs of a project that are not incurred primarily as a result of
the qualified research activities. Raw materials used to make
fi ni shed goods t hat woul d have been purchased regardl ess of whet her
a taxpayer was engaged in qualified research are not “used in the
conduct of qualified research”. See sec. 41(b)(2)(A)(ii).

Simlarly, the costs of wages constitute QREs only if they are
paid for services consisting of engaging in or supervising
qualified research. Sec. 41(b)(2)(B). Services perforned by
enpl oyees for activities that woul d occur regardl ess of whether the
taxpayer was engaged in qualified research are not qualified

services. See sec. 41(b)(2)(A)(1).
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When section 41(d)(2)(C) applies and the rel evant business
conponent is the process, and production of the product al one would
not constitute qualified research, we find that the costs of
suppl i es that woul d be purchased and wages attri butable to services
t hat woul d have been provi ded regardl ess of whether research was
bei ng conducted are costs associated wth the product business
conponent and are not incurred in the conduct of qualified
research. However, additional supplies costs incurred because
qualified research is being perforned on the process or wages
attributable to services that woul d not normal | y have been provi ded
are attributable to the process business conponent and are
allowable as QREs if they otherw se satisfy section 41(b).

Petitioner argues that Fudimv. Conmm ssioner, T.C Meno. 1994-

235, requires a different result because in that case the Court
treated as QREs the costs of materials that the taxpayer used to
make pl astic objects as part of his research on a process known as
“rapid nodeling”. These <costs included the cost of the
phot opol yners that were fabricated into the plastic objects.
However, in Fudim the taxpayer’s rapid nodeling process was
not a “plant process * * * for commercial production” of a product
that he hinself fabricated and sold within the neaning of section
41(d) (2) (O . The Court found that the taxpayer was not in the
busi ness of producing the plastic objects for sale but “derived

only a m nimal anount of incone on the nodels he nmade during those
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years.” Accordingly, there was no need to allocate costs between
t he process busi ness conponent and a product business conponent.
Id. Unlike the supplies UCC used in its claim projects, which
woul d have been purchased for production even if no research had
been perfornmed, the supplies the taxpayer in Fudi m purchased were
“devoted to research.” 1d. (enphasis added). For these reasons,

we find Fudimto be distinguishable.

Petitioner also argues that Lockheed Martin Corp. v. United
States, 49 Fed. d. 241 (2001), supports its position because it
inplicitly holds that a “conponent part” of a product to be
delivered to a custonmer can constitute a “supply” within the
meani ng of section 41(b). In that case, the court rejected the
Governnent’s notion for sunmmary judgnent that conponent parts used
to nmake Supersonic Low Altitude Target (SLAT) devices could not be
“supplies”. 1d. at 247

We disagree that Lockheed Martin supports petitioner’s

argunent. In that case the court explicitly declined to consider
whet her the conponent parts were used in the conduct of qualified

r esear ch. Id. at 245-246. Furthernore, Lockheed Martin is

di stingui shable fromthe case before us because in that case the
rel evant busi ness conponent was the SLAT device, not the process
used to nmake the SLAT devi ces.

Petitioner also cites a Canadi an tax case, Consoltex Inc. v.

R [1997] 2 C. T.C. 2846, in support of its position. |In Consoltex,
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the court held that the cost of yarn used by a textile producer
during research conducted to devel op i nproved textile products was
eligible for a scientific research and experinental devel opnent
credit. Consoltex addressed a provision of Canadian |law, not the
section 41 research credit. In any event, Consoltex 1is

di sti ngui shable because, as in Lockheed Mrtin, the research

conducted rel ated to an experi nental product and not the process of
produci ng the product.

Petitioner argues that at many tinmes during the conduct of the
cl ai mprojects UCC did not know whet her the product produced woul d
nmeet custoner specifications. However, this does not indicate that
UCC was conducting qualified research on its products. To the
contrary, petitioner has argued that for purposes of determ ning
whet her the clai mprojects constitute qualified research we should
focus our analysis on the process, not the product. 1In any event,
the evidence clearly indicates that to the extent that UCC was
conducting research on its end products its activities would be
excluded fromthe definition of qualified research under section
41(d) (4)(A) as research after commercial production because all of
t he products UCC produced during the clai mprojects satisfied UCC s
functional and economc requirenents. The fact that UCC
occasionally produced off-specification products does not change

the fact that UCC had al ready commerci alized those products.
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Even if we were to include production activities as part of
the rel evant busi ness conponents, the production costs petitioner
clains are QREs would not be eligible for the research credit

under Mayrath v. Conmi ssioner, 41 T.C. at 590, which limts

deductions under section 174 “to those expenditures of an

i nvestigative nature expended in devel opi ng the concept of a
nmodel or product.” Section 41(d)(1)(A) incorporates section 174
into the definition of qualified research. Petitioner cannot
avoid the restrictions of section 174 by arguing that section 174
is relevant only for determ ning whether activities constitute
qualified research and has no bearing on whether the costs of

those activities nmay be QREs. See Norwest Corp. & Subs. v.

Comm ssioner, 110 T.C. at 491; H Conf. Rept. 99-841 (Vol. 11),

supra at 11-71, 1986-3 C.B. (Vol. 4) at 71 (“the conference
agreenent limts research expenditures eligible for the
increnental credit to ‘research or experinmental expenditures’
eligible for expensing under section 174.").

Furthernore, the fact that petitioner first sought the
research credit for the clainmed costs in its petition is strong
evi dence that petitioner did not view these costs as research
costs and that UCC woul d have incurred these costs w thout the
incentive of the research credit. Production costs that UCC

woul d have incurred without the incentive of the research credit
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are not the types of costs that Congress sought to target when it
enacted the research credit.
Petitioner bears the burden of proving its entitlenment to
the additional research credits claimed in the petition. See

Rul e 142; New Colonial Ice Co v. Helvering, 292 U. S. 435, 440

(1934); Norwest Corp. & Subs. v. Conm ssioner, supra at 488-489

n.34; Eustace v. Conm ssioner, T.C. Mnob. 2001-66.

Petitioner’s claimed costs for supplies for both the Anbco
anti coki ng and UCAT-J projects include only costs of production.
I nstead of calculating the cost of supplies that UCC used
specifically to performexperinents during production or analyze
data, petitioner’s calculations are founded on the assunption
that UCC did not increase its supplies costs during the claim
projects above its normal raw materials costs used in its plant
cost systemto conpute cost of goods sold. It does not appear
that petitioner had any additional supplies QREs to clai mbecause
petitioner clains as QREsS only the raw material costs of the
finished products and not any additional supplies. This
i ndicates that petitioner has not allocated its claimed QREs
bet ween the experinental process business conponents and the
nonexperi nmental product business conponents of those projects.
Furthernore, petitioner did not distinguish between activities
that constitute elenents of a process of experinentation and

ordi nary production activities. W find that the clained
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supplies costs are ordinary production costs that were properly
included in inventory and petitioner has not satisfied its burden
of proving that the costs it clainms as supplies QREs were used in
t he conduct of qualified research as required by section
41(b)(2) (A (ii). Petitioner has had anple opportunity to
establish that it incurred additional supply QREs for the claim
projects and has not carried its burden. Accordingly, we find
that petitioner is not entitled to claimany additional supply
QREs for the claimprojects, and we need not address respondent’s
remai ning argunents that relate to the costs of these projects. >

The research credits clainmed on petitioner’s original
returns and al l owed by respondent included the wages of UCC s R&D
scientists and engineers at its technical centers. Petitioner
now seeks to treat as additional QREs anounts paid to operators
at Taft and Star for the Anbco anticoking and UCAT-J projects,
respectively.

For the Anbco anticoking project, petitioner treated as wage

REs the wages paid to M. Hyde, M. Tregre, and M. Gorenflo

S2Respondent al so argues that: Petitioner should not have
included the costs of utilities in its supplies costs because
utilities are generally excluded fromthe definition of qualified
research unless they are extraordinary, and they were not
extraordinary for the claimprojects, see sec. 1.41-2(b)(1) and
(2), Incone Tax Regs.; petitioner’s clained supplies costs are
unr easonabl e and are therefore excluded under secs. 174 and
41(d) (1) (A); petitioner has failed to substantiate its supplies
costs; and Ms. Hi nojosa erred in her allocation of one-
seventeenth of Taft’s ethylene supply costs to the Anbco
ant i coki ng project.
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according to the nunber of hours each spent working on the
project. M. Hyde and M. Tregre both credibly testified that
t hey spent a conbined total of 50 hours working on the Anbco
anticoking project. W find that the services that M. Hyde and
M. Tregre provided in connection with the Anbco anti coki ng
project, including planning the tests, participating in the
pretreatnents, and sending the data to the technical center to be
anal yzed, constitute qualified services. Wile respondent argues
that petitioner has not substantiated its clainmed QREs, we find
that the testinonies of M. Hyde, M. Tregre, and Ms. Hi nojosa
were credi ble and sufficiently substantiated the wages paid to
t hese enployees. W find that petitioner has satisfied its
burden and may treat as wage QREs $835 and $210 for 1994 and
1995, respectively.®* However, M. Gorenflo did not testify as
to how much time, if any, he spent on the Anbco anti coking
project. Accordingly, petitioner has not satisfied its burden of
proving that M. CGorenflo spent 2 hours engaged in qualified
research with respect to the Anrboco anticoking project in 1994 and

may not claimhis wages as QREs.

M. Hyde spent 35 and 10 hours working on the Anpco
anticoking project in 1994 and 1995, respectively, and his wage
rate was $21 per hour. M. Tregre spent 5 hours working on the
Anmoco anticoking project in 1994 and his wage rate was $20 per
hour .

The parties agree as to the operation of sec. 280C(c) and
any adjustnents that may be required as a result of our decision.
Accordingly, we do not discuss it here.
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For the UCAT-J project, petitioner treated as additional
QREs a percentage of all wages paid to Star plant personnel
during 1994 and 1995 wi t hout determ ning which enpl oyees wor ked
on the UCAT-J project or how many hours they dedicated to the
project. Petitioner has not provided any evidence that shows how
much tinme Star’s plant enpl oyees actually spent on the UCAT-J
project, and there is no way to determ ne whether petitioner’s
estimate is accurate. |t appears that petitioner has already
received a credit under section 41 for the wages of nost of the
enpl oyees who engaged in qualified research during the claim
years--the R&D scientists and engineers. Accordingly, petitioner
is not entitled to any additional QREs attributable to wages paid
for the UCAT-J project.

V. Base Period OREs

A. Alleged Flaws in Ms. Toivonen’s Costing Mthodol ogy

Petitioner clains that it incurred $135,112,912 of QREs
during the base period on the basis of M. Toivonen s costing
calculations of the runs identified by Dr. Wadia. Respondent
argues that Ms. Toivonen's nethodology is flawed for the sane
reasons respondent argues that Dr. WAdia' s nethodology is flawed
because Ms. Toivonen failed to review or verify Dr. Wadia's
determ nations of the run durations and production quantities.
However, as discussed above, we find that any flaws in Dr.

Wadi a’ s net hodol ogy have been cured by petitioner’s concessions,
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and accordingly Ms. Toivonen's reliance on Dr. Wadi a was
justified.

Respondent al so argues that Ms. Toivonen s nethodology is
fl awed because she relied on Ms. Hi nojosa and ot her Dow enpl oyees
to identify the lead PCDs and MASs relating to the products
produced. However, respondent does not argue that Ms. Hinojosa
or the other Dow enpl oyees were unqualified to identify the |ead
PCDs and MASs or that they perforned their task poorly. To the
contrary, we find that Ms. Hi nojosa and other Dow enpl oyees were
in the best position to correctly identify the |ead PCDs and MASs
because they were famliar with the products that UCC produced
during the base period.

Respondent next argues that Ms. Toivonen was forced to use
cost accounting information for simlar products when the actual
accounting information for a product was unavail able. Respondent
believes that in sonme situations this caused Ms. Toivonen to omt
supplies that were used in the production process. As an
exanpl e, respondent points to the propyl dipropasol refining test
(run 171), where Dr. Wadia |listed sodi um hydroxi de as the
catal yst but Ms. Toivonen cal cul ated the cost of sodi um propyl ate
i nstead because it was listed on the PCD. Simlarly, for the
i sophorone m ds conversion test (run 173) and secondary refining

systemtest (run 178), Dr. WAdia stated that certain materials
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were used that Ms. Toivonen did not include in the cost of the
runs because they were not |listed on the PCDs.

Ms. Toivonen testified that in her expert opinion any
di screpanci es that nmay have occurred because she used accounti ng
information that did not exactly match the products produced or
Dr. Wadia’s descriptions of the runs are immaterial. Regarding
Ms. Toivonen’s nethod of costing the propyl dipropasol refining
test, we find that Ms. Toivonen did not understate the cost of
t he propyl dipropasol refining test because the cost of sodium
propyl ate was nost |ikely higher than the cost of sodi um
hydroxi de.® Wile a nore conservative cal cul ati on of the cost
of the isophorone m ds conversion and secondary refining system
tests woul d have included the cost of materials that were used
but omtted fromthe PCDs, we find that the om ssions were
immaterial given the small anount of materials that were used.
We find Ms. Toivonen to be a credible expert witness, and in the
absence of any evidence to the contrary we find that any errors
in her conclusions that may have been caused by the accounting

records she used are immteri al .

S4Petitioner also argues that sodiumpropylate is the
chem cal product of reacting sodi um hydroxide with proponal, and
accordingly Ms. Toivonen's calculation did in fact include the
cost of sodi um hydroxi de. However, given our finding, we need
not decide whether it is appropriate to take judicial notice of
this fact.
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B. Alleged Errors in Ms. Toivonen's Cal cul ati ons

Respondent al so argues that Ms. Toivonen nmade errors in her
report even when she used the correct docunentation. As an
exanpl e, respondent argues that M. Toivonen incorrectly
cal cul ated the cost of 90,000 pounds of acrolein for the acrolein
refining systemcapacity test (run 128) instead of 1,800,000
pounds, the production quantity reported by Dr. Wadia. M.

Toi vonen testified that the di screpancy m ght be attributable to
a unit of neasure conversion, but she did not explain the

di screpancy in her expert report and could not be certain when
guestioned about the discrepancy at trial.

In the absence of any clear explanation as to why she did
not use the production quantity that Dr. WAdia provided, we find
that Ms. Toivonen shoul d have cal cul ated the cost of producing
1, 800, 000 pounds of acrol ein, which would increase the base
peri od QREs by $283, 654.80.% However, we do not agree with
respondent that all of M. Toivonen's base period cal cul ations
shoul d be di sregarded because of this error and find it would be
nore appropriate to increase petitioner’s QREs for 1987 by
$283, 654. 80.

Respondent al so argues that Ms. Toivonen | acked the
techni cal expertise to calculate the cost of runs 807 through

820. As evidence, respondent points out that on cross-

*Ms. Toi vonen cal cul ated the supply cost per pound of
acrol ein as $0.16588.
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exam nation Ms. Toivonen could not answer the question of whether
the cost of naphtha was captured as one of the costs for the
napht ha-sul fur injection test (run 807). M. Toivonen believes
that the cost of the naphtha nay have been captured on secondary
PCDs, which she used to calculate the costs of materials |isted
on | ead PCDs, but she could not be sure.

Respondent al so argues that M. Toivonen incorrectly
determ ned that the naphtha-sulfur injection test lasted for 35
days because ot her docunents indicate that it |asted nuch | onger
than 35 days. As evidence, respondent points to two industrial
chem cals division nonthly reports, one for Decenber 1985, dated
January 13, 1986, and a second for July 1986, dated August 11
1986. The report for Decenber 1985 states that the test began on
Decenber 16, which is the date that Ms. Toi vonen determ ned the
test began. The report for July 1986 does not nention the test
at all.

We do not think that the naphtha-sulfur injection test is
evi dence that Ms. Toivonen | acked the technical expertise to
cal cul ate the cost of runs 807 through 820. M. Toivonen
captured the costs of the materials listed on the | ead PCD for
the product, and we find the lead PCD to be a reliable docunent
to use to calculate the cost of producing a finished product.
Wil e, as discussed below, this test does highlight a different

flaw in petitioner’s costing nethodol ogy because it includes only
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the cost of ordinary production activities, we find that the fact
t hat naphtha was not listed on the | ead PCD suggests that its
cost would not materially affect the cost of producing the
product made in the naphtha-sul fur injection test.

Furthernore, the evidence that respondent argues indicates
that the naphtha-sulfur injection test |likely lasted nuch | onger
t han 35 days does not so indicate. To the contrary, it indicates
that it started on the date that Ms. Toivonen determned it
started and had not been conpleted as of 3 days before the date
that Ms. Toivonen determ ned that it ended.

Respondent al so believes that Ms. Toivonen m stakenly failed
to include the cost of refrigeration when costing the MW
refrigeration test (run 810). Section 1.41-2(b), Incone Tax
Regs., provides that general and adm nistrative expenses do not
qualify as QREs, and section 1.41-2(b)(2)(i)(1), Incone Tax
Regs., provides that utilities are generally treated as general
and adm ni strative expenses. However, section 1.41-2(b)(2)(i1),

I ncone Tax Regs., provides that utilities may constitute QREs if
they are extraordi nary. Respondent argues that the cost of
refrigeration in the MW refrigeration test was extraordinary.

We find that refrigeration was not an extraordi nary
expenditure in the refrigeration capacity tests. |In the first
test, in which UCC evaluated transfer chiller control at negative

10 degrees Centigrade instead of negative 17 degrees Centi grade,
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UCC actually used |l ess refrigeration than it would have during
the ordinary production of MMWP. In the second test, in which UCC
estimated the anbient heat gain of the day tanks and storage
tanks, any refrigeration used was not above the normal anount
t hat UCC woul d have used had it not been performng a test.
Accordingly, we do not find the cost of refrigeration to have
been an extraordi nary expenditure during either of these tests.

C. Docunents Ms. Toi vonen Relied Upon

Respondent argues that Ms. Toivonen’s nethodol ogy is flawed
because Ms. Toivonen relied on petitioner’s counsel to provide
her with the accounting records related to runs 807 through 820
i nstead of conducting an i ndependent search of all of the
docunents in the record. Furthernore, respondent argues that M.
Toi vonen | ooked only at accounting records to identify costs
i nstead of identifying technical docunents to see whether they
provi ded additional information as to the duration or production
quantity of the runs.

W find that the fact that Ms. Toivonen did not personally
find the necessary accounting records she needed to cost runs 807
through 820 is irrelevant. There has been no suggestion, nor is
there any evidence, that petitioner’s attorneys were not
conpetent to provide Ms. Toivonen with the docunents she needed
or that they wthheld or tanpered with any information. G ven

the | arge nunber of docunents produced in this controversy, it
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woul d have been inpractical to require Ms. Toivonen to search
through all of the docunents in the record without the assistance
of petitioner’s counsel.

We also find that respondent’s argunent that Ms. Toivonen
| ooked only at accounting records to calculate the cost of Runs
807 through 820 is inaccurate. M. Toivonen's suppl enment al
expert report cites nunerous technical docunents and tri al
testinony to support her findings. For each run, M. Toi vonen
provi ded a reasonabl e expl anation as to how she determ ned the
duration and production quantity and included citations of
techni cal documents and testinony where appropriate. Wile, as
di scussed above, respondent argues that M. Toivonen failed to
revi ew techni cal docunents that contradict her findings regarding
the duration of the naphtha-sulfur injection test, we find that
the techni cal docunents at issue are consistent with M.
Toi vonen’s determ nations for that test. Furthernore, because
the refrigeration used in the MW refrigeration tests was not
extraordinary, there was no need for Ms. Toivonen to review
addi ti onal docunents to determ ne the cost of the refrigeration
used. Accordingly, we find that Ms. Toivonen commtted no error
in relying upon the docunents that she relied upon.

D. Consi st ency Requi r enent

Respondent argues that Ms. Toivonen’s mnethodol ogy for

costing the identified runs was inconsistent with Ms. H nojosa’s
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met hodol ogy for calculating the cost of the claimprojects.
Specifically, respondent disputes Ms. Toivonen’s treatnent of
base case costs and wage costs.

1. | n Gener al

Respondent argues that the fact that petitioner clainmed QREs
of $43 mllion for the UOP GA- 155 project indicates that
petitioner failed to satisfy the consistency requirenent because
the | argest base period project before the trial was costed as
$5.1 million and the nost QREs petitioner clains in 1 base period
year are $33 million.

Respondent’s argunent is contrary to the purpose of the
research credit. The research credit was designed to encourage
taxpayers to increase their spending on qualified research. If
the fact that a taxpayer incurred nore QREs in a credit year than
in the base period could be treated as dispositive that the
t axpayer ran afoul of section 41(c)(4), this would thwart the
pur pose of the research credit.

Furthernore, we find that as a general matter, petitioner
used the sanme nethodology to calculate its credit year and base
period QREs. In the opinions of Ms. Toivonen and Ms. Hi nojosa,
petitioner’s accounting expert w tnesses, the costing nmethodol ogy
Ms. Toivonen applied in calculating UCC s base period costs is
consistent wth Ms. H nojosa s nmethodology. In arriving at this

concl usi on, each expert w tness reviewed the nethodol ogy used by
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the other. W find both expert witnesses to be credible on this
matter and find that Ms. Toivonen’s costing net hodol ogy was
generally consistent with Ms. Hi nojosa s costing nethodol ogy.

2. Base Case Costs

Respondent argues that petitioner’s treatnent of base case
costs for the base period differs fromits treatnment of base case
costs for the credit years. Respondent argues that for the Anbco
anticoking project petitioner treated the cost of testing the
untreated cracking sets as QREs but for the Nalco 5211 test (run
15) petitioner did not treat the cost of the base case runs as
(REs. Respondent argues that both the Amobco anticoking project
and the Nal co 5211 test used base cases and that petitioner
shoul d have treated both base cases the sane.

We agree that it is possible that UCC conducted sone
qualified research before the start date petitioner determ ned
for the Nalco 5211 test. However, as discussed above, we find
that none of the supply costs that petitioner clained with
respect to the Anbco anticoking project constituted QREs.
Simlarly, we find that it would be inappropriate to treat the
costs of raw materials that were used during the base case runs
as QREs. Wiile we allowed petitioner to treat $1,045 that UCC
paid to two of its enployees as wage QREs, this was | ess than
one-tenth of 1 percent of the total QREs that petitioner clained

for the Anbco anticoking project. Accordingly, even if
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petitioner inproperly omtted wages paid to UCC pl ant enpl oyees
to conduct qualified research before the date on which petitioner
believes the Nalco 5211 test began, given petitioner’s expansive
readi ng of section 41(b) we find it highly unlikely that
petitioner’s calculation of the Nalco 5211 test understates the
anmount of QREs that were actually incurred. Accordingly, under

the principles provided in Cohan v. Conm ssioner, 39 F.2d at 543-

544, we find it nore appropriate to accept petitioner’s
cal cul ation of the Nalco 5211 test than to reject petitioner’s
efforts as a whol e.

3. \Wage Costs

Respondent next argues that Ms. Toivonen s nethod of
cal cul ati ng wage costs was inconsistent wwth the nmethod Ms.
Hi noj osa used for the credit years, specifically the wage costs
for the UCAT-J project. M. Hinojosa calculated the wage costs
for the UCAT-J project by nultiplying the total wages incurred
for all Star enpl oyees by the ratio of UCAT-J production pounds
to total production pounds in each of the credit years.
Respondent argues that when cal cul ating the wages incurred at
Star for the base period, M. Toivonen inconsistently excluded a
nunmber of groups of personnel that were included in the credit
year wage costs.

As di scussed above, we find that none of the costs that

petitioner clains as QREs with respect to the UCAT-J project
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constitute QREs. Ms. Hi nojosa determ ned that the anount of tine
spent by plant operators and ot her support staff during the UCAT-
J runs was not significantly different when conpared to nornal
production runs. This indicates that the enpl oyees whose wages
Ms. Hinojosa cal cul ated were not involved in the conduct of
qualified research but were engaged in ordinary production
activities. Even if those enployees were involved in the conduct
of qualified research, petitioner has offered no way of
di stinguishing the wages UCC it paid for its enpl oyees to engage
in qualified research and to engage in ordinary production
activities. Accordingly, petitioner did not violate section
41(c)(4) by excluding simlar costs fromits base period
cal cul ati ons.

E. Whether Ms. Toivonen Calcul ated the Cost of “Cualified
Research” Activities

W find Ms. Toivonen’s nethodology to be flawed for the sanme
reason that Ms. Hi nojosa' s nethodology is flawed. In calculating
the cost of the identified runs, Ms. Toivonen identified only
ordi nary production costs, not the costs of perform ng research.

The napht ha-sul fur injection test (run 807) highlights the
flaw in petitioner’s costing nmethodol ogy that we di scussed with
regard to the claimprojects. M. Toivonen cal cul ated the cost
of the naphtha-sul fur injection test as being the cost of
produci ng ethyl ene, which is not an experinental product.

However, if the naphtha-sulfur injection test constitutes
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qual ified research,® the activities that constitute process of
experinmentation would be imted to the planning of the test,

i njecting naphtha into the process stream testing the results,
and analyzing the results. The ordinary production activities

t hat woul d occur during the production of ethyl ene regardl ess of
whet her an experinment was being conducted would fail the process
of experinmentation test, although nost |ikely naphtha woul d be
considered a supply used in the experinent. However, in costing
t he napht ha-sul fur injecting test, M. Toivonen included all of
the ordinary production costs and excl uded the cost of naphtha.

Ms. Toivonen simlarly calculated the cost of all of the
other identified runs as if they were ordinary production runs.
Ms. Toi vonen did not cal culate the cost of any additional
supplies that may have been purchased for the tests or calculate
the wages paid to any specific plant enpl oyees who worked on the
proj ects.

However, we find Ms. Toivonen's error to be harnl ess because
it causes petitioner to overestimate its base anount, thereby
reduci ng the research credit. M. Toivonen concluded that the
total cost of all of the identified runs was $135, 112, 912.
Because petitioner has provided us with no way to divide these
costs between costs incurred in the conduct of qualified research

and costs incurred as ordi nary production costs, we shall treat

S\\ accept petitioner’s concession that this run
constitutes qualified research.
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the entire anmount as additional base period QREs, adjusted
according to our findings.?®

VI . Concl usion

We find that petitioner has established that it incurred
addi ti onal wage QREs of $835 and $210 for 1994 and 1995,
respectively, but no additional supplies QREs for the claim
projects. Furthernore, we accept petitioner’s calcul ations for
t he base period, adjusted according to our findings, as UCC s
addi tional base period QREs. W shall instruct the parties to
resol ve any issues regarding the remaining credit year projects
in a manner consistent with this opinion.

On the basis of the foregoing,

An appropriate order wll

be issued.

W& find that Ms. Toivonen inproperly cal cul ated the cost
of the acrolein refining systemcapacity test.


David Hearn
Highlight


